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Chapter 1 

THE NATURE OF FALLOUT 


1.1 Background 

On the 16th day of August In 1945 the first nuclear explosion, Shot Trinity, 
was detonated at Alamogordo, New Mexico, The nuclear device was mounted on 
a tower at a height of about 100 feet and the energy of the explosion was equiva¬ 
lent to that of 19,000 tons of TNT. The explosion, ns all nuclear explosions, 
produced radioactive materials that gombfoed with ether materials engulfed by 
the forces of the oxplosion. The product of the combination has been given the 
name fallout, 

From most nuclear explosions, fallout is in the physical form of particles. 
After Shot Trinity some of these particles deposited on pastures and on the 
backs of oows at some distance from the point of detonation, and the nuclear 
radiations from the particles caused burn-like injuries on the cows' backs. 

Other than this the exposure had no ostensible influence on the life of the 
animals or their offspring. 

The Incident, however, initiated Interest and concern among some 
scientists and engineers. Both the fate of radioactive substances produced in 
nuclear explosions and the biological consequences of their Interacllon with 
living matter came under study. 

In Operation Crossroads, In 1940, ships exposed to the effects of an 
underwater nuclear detonation, were found to be contaminated with radioactive 
substances, and mll!tary--ospeota]ly Navy--tntercst in the fallout phenomenon 
was aroused. The results of that test initiated tho recognition of fallout as one 
of the primary phenomena of nuclear explosions and one that could have a 
profound influence on military operations using nuclear weapons, 

The rooojmltlon and acceptance of the implications of fallout on military 
operations, however, was at first limited to a rather small group of scientists, 
engineers, and military people. Additional evidenco and data on fallout were 
obtained in subsequent teats, especially in Operations Greenhouse and Buster- 
Jangle In 1951 and in Upshot-Knothole in 1953. But It was not until the 
detonation of Shot Bravo in Operation Castle in 1954 thnt general recognition of 
the fallout phenomenon was established, 




Two of the bettor-known Incidents Ihnt Influenced (or forced) such recog¬ 
nition were tho exposure of the Marshnll Islnndors on the Rongelnp Atoll mid of 
the Japanese fishermen In their boat nl son to tho radiations from fallout. Hut 
even after the Shot Bravo experienoo there remained a few who wanted to 
believe ihnt a "fluko" had ooourrod nnd that fallout was not of military 
significance. 

Now, several years and many test detonations later, thoro are no romnln- 
Ing doubts about the production of fallout In nucloar explosions. Proaunt 
studies are directod to quantitative evaluations of tho degree to which fallout is 
significant in tho military applications of nuclear explosives. Thus it Is no 
longer of interest simply to noto that rtullonctlvo atoms nrc produced In nuclear 
explosions. The problem is to determine the quantity of the radioactive atoms 
produced, what physical processes they are subjected to, where they go, nnd 
how their disposition may affect tho operations and (he lives of people. 

Because fallout contains rndionctive atoms, nnd because radioactive atoms 
omit nuclear radiations thnt can cnuBc damage in tho colls of living tissues, the 
presence of fallout in the environment is usually equated wtth a potential radio¬ 
logical hazard to living matter. The core of tho present-day interest In fallout, 
therefore, consists of evaluating the biological consequences to humnns, nnlinalB, 
nnd plants of tho exposure to nuclear radiations from fallout. 

The degree and nnture of possible exposures of living matter to nuclear 
radiation depend upon many physical parameters and those Ixigln with the 
Initial production of the fallout In a nuclear explosion. The nature of the 
exposure is more fundamentally connected with physical processes than is the 
degree of tho exposure. In terms of degree, it 1s known that possible radiation 
exposures would bo highest, and therefore the biological consequences most 
severo, for nucloar explosives used In n large-scale war. This degree of 
oxposure Is of concern to many. 

Aftor tho fallout Is in an environment, the degree of this radiological 
hnenrd enn lx? measured. But the kind and amount of hazard In a nuclear wnr 
situation, nl least before the fact, cannot lx? evaluated without a reasonably 
detailed description of the history of the rndioncllvo atoms produced in nuclonr 
oxplodlons. Such n history, to be useful, must reveal Iho ossonllnl details of the 
physlcnl processes In which tho rndionctive nloms participate, from the instant 
they are formed up to any desired Inter time. 

The major purpose of this report, therefore, Is to outline nnd dlsouss 
these physical processes nnd the Important parameters on which thoy depend. 

The data, data analyses, data correlation schemes, and discussions prosontod 
here are organized to emphasize hnBic principles so thnt an appropriate 
methodology can bo nppllcd In evaluating the radiological consequoncos of 
nuclear war. 




1.2 A general Posorlnllon of Fallout 


An explosion of any kind, detonated nenr tho surface of tho earth, cause* 
material to be thrown up or drawn Into u ohlmney of hot rising gases nml raised 
aloft, In a nuolear explosion, two Important processes occur: (1) rndioaotlvo 
elementi, whloh arc produoed and vnftoiirod In tho process, condense Into or 
on thli muteriali and (2) a large amount of non-rtulloucllve material. rises 
thouaanda of feet into the air before tho small partlclos bogln to full buck, This 
permit* the wlnda to scatter them over largo aroas of tho oarlh'H surface. Thus, 
when the particles reach the surface of the earth they arc far from their place 
of origin and oontaln, within or on thoir surface, rndlonctlvo elements. Whether 
they are solid particles produced from soil minerals, or liquid (salt-containing) 
particles produood from aeo water, they are called fallout. 

Tho composition of fallout can be described in torms of two or three 
oompononte, One is the inactive carrier; this consists of the environmental 
material at tho location of (he detonation and Is tho major component In n nonr- 
surface detonation. Tho second component includes ail the radioactive elements 
in the fallout. 

These rndioactivo elements can bo Hiihclasstfiod Into two groups by 
source. Tho first group contains tho fission~produot elements that are produced 
In the fission process that initiates (he oxplosion. The second group consists 
of the elements produced by the capture of neutrons released in both fission 
and fusion. The kinds and amounts of these neutron-induced radioactive 
elomonts in tho fallout differ from one detonation to another depending upon the 
typo of weapon used and tho chemical elements in tho environment at the point 
of detonation, 

Occasionally, a third fallout component group Is considered. This 
consists of llio bomb's structural materials and is u major component In air- 
burst fallout, 

Tho word fallout is occasionally preceded by "oloso-ln" (or "local") and 
"long-range" (or "world-wide"). Those terms have nover been precisely defined 
except for operational purposes, Tho terms Imply some arbitrary differentia¬ 
tion of the fallout, or the radioactivity, on tho basis of distance from tho point 
of detonation or time required for the material lo fall to the earth's surfaoo, 
However, as is discussed In the following chapters, the gradual changes in the 
properties of the fallout with dlstanoo make precise definition of these terms 
Impossible, except for the extremes of each fallout classification, Therefore, 
except for theso extreme oases, thosp descriptions are not used further as 
definitive torms In discussing tho nature and properties of fallout, 
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1 ,a Characteristic Typo* o f Fallout 


Tho characteristic typo* of fallout aro determined by the environment at 
the point of dotonutlon, They aro generally classified a* bolng olthor land, son 
wntor, barbor, or nlr fallout, 

The major oomponont of tho fallout from riotonnllons near tho surfnoo of 
land li tho noil particles, In dotonntlonn near tho surfnoo of tho oaoan tho 
major oomponont Is tho son water residues (salts and water). Tho fallout from 
dotonntlonn In harbor*, river*, and shallow lakoH may oontnln materials from 
the bottom a* well a* water and/or spa water salt*; tho relative amounts of 
oaoh depend on tho depth of tho water, the height or depth of tho burst, nnd the 
energy released during tho explosion, 

From an air burst (not near tho surfaco of the earth) tho major fnlloul 
oomponont I* the structural materials, such as Iron and aluminum, ole., of the 
Ixmib or missile war head, When tho mass of those materials It; not too large, 
nnd whon It I* all vuporluod, only very small fallout particles m.: formed. The 
proportion of nlr burst fallout aro those most often associated with the terms 
long-rnngo or world-wide. 

Tho fnllout from tho nonr-surfneo bursts consists of large particles that 
fall rapidly to the earth; theso fnllout typos result In much higher deposit 
donslttcs thun those from tho air burst, noenuso of this large difference In 
fallout deposit density nnd tho associated radiological hazard, only the first 
throe oharaolorlstio types of fnllout (land, sen, and harbor) are discussed nl 
length in tho following chapters. 


1 *4 .Potential Hanarus from Fnlloul 


Tho potential hazards from fallout aro mentioned briefly here to Identify 
thorn, to Indicate their relationship with physical quantities that can be 
measured, and to emphasize the fact that Interest in knowledge about fnllout has 
been aroused mainly because of those hmrnrds, 

Tho rndloaotlvn elements within or on tho wurfneo of tho fnllout pnrtloles 
omit gamma nnd X-rays and/or botn or alpha pnrtloles, Tho gamma and 
X-rny* are the same except that the gnmma rnys are more energetic; they are 
often termed tho ponotrntlng or long-rnngo radiations beonuso gnmma and 
X-ray* travel long distance* in nlr nnd In other low-density materials, The 
botn and alpha particles aro often tormod Hhort-rango radiations bocauso they 
do not travel very far oven In air nnd nro stopped by small thlcknossos of more 
dense mntortnl. Of tho two, tho alphn particles arc the oasior to stop. 





Tho potential ImKnrcl from the Hirer typo a of nuoleiir rndliitlona Ilea !n 
the mipnblllly of tho different typoa of rudlntion to ponotrnto mntorlnl, both 
living 1 nnd Innnlmnto, onpooinlly when the rndloncllvo aouroo la not In aunt net 
with tho mntorlnl irradlnled. Thun, from fntlout pnrlloloa dopnaltod on tho 
ground, tho gnmmn rnya nro tho only onoa omitted thnt onn ponotrnto I urge 
dlatunboa Into tho humnn body, Tho ahortor-rnngo twin pnrilcloa onn ponotrnto 
n abort dlatnnoo Into mutorlftl when (heir aouruo la either In emit net with It h 
aurfftoo or la part of tho mntorlnl (l.o., nn Intornnl anuroo). In gonornl, rdphn 
pnrlloloa nro not n rollout hnxnrd Imomiao tho nlphn omlttora tire ao extremely 
ctltuloH nnd long-lived. 

The gnmmn rnya, then, ooniwtllulo nn oxlernnl hnxnrd; tho liotn purtldoa 
nro often tormod n oontnet nnd nn intornnl hnxnrd; nnd tho nlphn rnya eonatllolo 
nn Intornnl hnxard, If nny. Hut alnco tho mujor Nourco of nlphn pnrtloloa In 
fnllnul la from tho doony of unronulod uranium or plutonium, which nro very 
long-llvod radlonuclldoa, tho nlphn-pnrtlolo hnxnrd Ih negligible compared 
with thnt of tho gnmmn nnd beta rnya derived from other rndlonotlve <*lemonla. 
Honce tho nlphn-pnrtlolo hnxnrd la not eonaldorod further, 

Tho two radioactive emlaalona thnt are of eoneern In lalloul, therefore, 
nro tho gnmmn rndtfttlona (Including llu< X-rnya) na nn external aouree of 
hnxnrd, und tho beta purllelea na n ennlnet «>r Inlornn! aouree of hnxnrrl. 

Tho algnlflmince of (Ida differentiation between the two typea of rndinllnna na 
hnxnrd aourcca la dlacuaaed In Inter ehnptera. Hotli typea of nnllnllona eunae 
injury to living orgnnlama by producing innlxallon nlnng their pallia ihrnugh 
living tlamie. In other wnrda, the rnya or pnrlloloa Irnnafer energy In (lie 
oloclrona of tho ntoma In the mntorlnl they penetrate. Till a emiaea the 
elect rona In leave their orbit a around the nuoleua or the atom an thnt the ntnm 
taken on, for n abort time, a poaltlve charge. 

A apootfted amount of energy la required In lonlxe nn atom: for every 
Ion pnlr formed by Ilia pnaalng of a gnmmn ray nr h«ln pnrtloie near an nlnm, 
the ray or pnrtlolo loaca nn equivalent amount of energy. The amount In nn! 
tho an mo for nil m'ntoHnU ponetrnled beonuae the energy required In ionl/.e 
nn atom dlffora from one ohemlenl element tn minlher. The rnentgen la Hie 
defined unit for monaurlng tho energy nbaorbed from gamma and X-rnya In 
nlr. Tho value of the r unit la linaed on the energy required tn lonlxe the 
nitrogen and oxygon ntoma of nlr In form, In one ruble eenllnieter of air at 
atandard onnditlona, one pair nl Iona. Hy thl* definition, the r null la 
equivalent In the nbaorptlon of about R7 erga of energy per gram of nlr. 

.Since thla unit, the r, la do lined on the Imala of air lonlxnllon, II 
ennnot be related to the number of rndlonetlve ntoma that emit gamma rnya 
unluaa both (he energy of the rnya pnaalng ihrnugh a given volume of nlr and 
the geometric configuration of the emitting aourcca nro known. Theao 
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rciititjoiiHlilpH, lor ii iHiiii|)li('itloil ml*dun> ol rudloimelldoM nui'h iih would lie 
present In fidlmil, luivu only lieen cnteulnled lor u row very wimple source 
geometries, An example la tho eiiloulnllou lor (he nlr lonlr.nl lim rule* nl 
Ihrno fool n lit vo nn Infinite smooth pin no covered with n uniform dlnlrlhullon 
of Hanlon products,'* 

Tho nlr tonlantlun rnte, In roentgens per hour, In often nulled iho 
Intensity, or Iho radiation intensity! ivlwn used, those terms nlwnys refer to 
the magnitude of the »lr Ionisation riit«. Another term often used Is dose 
rate; however, thin one In morn pmiMiely nsRoclated with the rnte of energy 
nbwjrptlon, from tho radiations, In living tissue rather thnn In nlr, since done 
rate hon a biological aonnotntlon, In oommon imago, the throe term* (Intensity, 
rndlnlioh intensity, and done rnte) nro unod Interohnngenblyi when their unite 
am r per hour, they nro, In fact, nlr tenlnnUon rates. 

Tho total amount of energy nlworbod In n volume of nlr oyer u period of 
time S» tho radiation done, When the accumulated air lontentlon rate <i.c., 
the does) In associated with biological haunrd from nn unmodified fallout 
deposit, the rastrteiivo terms potentlnl done or exposure dose are often used. 
8uoh uao actually Involvon two rentrlolive oonoepln or assumptions. The 
flret In that l|)in done la the total amount of air ionlr,niton, per unit volume, 
that a peraon or object la exposed |n by staying in the spsolfiud Ipeallon 
for tha length of lime that the atnted energy la being absorbed by the nlr, The 
second oonoopt In that tho done, or the energy absorbed by tho nlr, le propor- 
tional to the amount of enargy nbaorbed by the peraon or object. 

Tho terms, dose, potential doaa, or exposure idols nr* used only In 
reference to the air Ionisation In the following chapters. While the biologic!*! 
effects of a radiation dose am outside the scope of this discussion, arbitrary 
values of does limits are uaad occasionallyi they Illustrate the methodology 
that can l» used to aolvo eXpoaure-oontrol prableme, 

if - ' "" ” ’ " ' ■ - - - 

The dosc-llmlt vnluen used In this report nro aeleal«d on the baits of 
nuumed relation* between air ionlaatlon doaoa and blologloni effeets, These 
■•I action*, when applicable, Inolude the oonoopt that some blologloni effeote 
have n threshold close while others do not, end thnt,wbep t!»_dose Is absorbed 
over a tong period of time, the blologloni effect of the dose ULdeofesie*! duo 
to bodily repair of llnaue damaged during the exposure, ,j 


♦Reforenoen are I luted nt the end of each chapiter, 







The inniKniion rmi) and the cIoho from lutiit rays nro iiMunlly defined In 
Ini'iux of I hi* energy absorbed h.v the i.ml/iitlnn of the atoms nr molecules In 
tissue, Since tho hotn |)iirliolon dn iml penetrate very far Inin the tissue, 
the flown from hatn cmlllctrs on the surface of tlnnuu. such ns the skin, Is 
absorbed largely In tho skin's outer layers* Ilnnnusc of tho complicated 
manner In which the unorgy of tho beta pnrtlolos In distributed, there In no 
•Imple method lor estimating the energy nhsorbed In varlmiN thicknesses of 
u tissue having a deposit of n mixture of rndlonotlvo ntoins on Its surfnoe. 

Kvon when tho rndlongtlvo atoms arc uniformly distributed through n tfieuo, 
ns may bn tho on«n for wcvernl Ingested radio-elements, the methods for 
oatlmating tho absorbed done aro fairly complicated? In this oust), the rates 
of nooumulfttlon In, nnd elimination front, tho tlunite must also bo oonaldered, 

In most of tho fallout conditions doaorlhed In tho following chapter*, 
the beta radlntfon exposure turns out to be the lose dominant fallout hasard, 
However, some time* nnd situation* where beta radiation can lie n significant 
hnunrd are discussed. 

Tho main immediate Inward from fallout when It arrives on the stir face 
on the earth nfter a rmolear explosion Is due to tho gnmmn, or penetrating, 
radiation. Those nuclear rndlntions enn travel long dlsLnnoon, anti their 
summed, or Integrated, Intensity completely dominates tho radiation hasard. 
This Is the case even for persons or objects contaminated with falling 
particles, since tho contribution of the beta particles to the exposure dose Is 
only rrom (lunarparticles Thai nro deposited on exposed tissue. 

The ingestion of radionuclides from fallout over a long period of time, 
however, becomes the predominant hasard after a period of time. The magni¬ 
tude of this Internal haaard depends on the fallout's chemical nature, whtuh 
uniquely determines both the availability of the radionuclides for ingestion 
and the period of their retention in living tissue, 

1,5 Radlcaotivo Dcopv 

Kvaluatlon of the haeards from fallout to that the necessary degree of —' 
protection from the nuclear radiations nan be spool fM requires knowledge 
of hnw4h» nir ionisation rate doorcases with t|mo. Thu Integral, or 
nomimulnted, dose la determined from s curve giving tho variation of the air 
Ionisation rate with time, and, since some value of the dose In known to 
produce undesirable biological effects, tho ratio of the two is used to determine 
Iho deal rod protection. fnotor of either n safety prnoedurp or radiological 
defense countermeasure, or both. 
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In fl imnMir ilnliiftnlhin. I In* MhmIuii in’ni't'Nft (iroiliMutp* tlliirtll 110 flHHl <in~ 
prndtioi muiis ohnlns, minKlntlng ni iilunit <10 dlffnrunl oloim<nls. In cnch mnss 
rhnln prodmmd In Iho fission ni' fissile timlm'lnls nm* nr murm radionuclides 
urn produced Those pn rent-daughter pairs dewy mm In Urn tioxl until finally 
n single stable nuclide In formed, The dtmny of Ihls mixture of radionuclides 
unn Iki calculated from (a) the Inlllal yield of thp nuclides In enoh mass chain, 
<bj the half-life of each nuclide, and (e) Hip nhundnnoe of the gamma ray* pro* 
ducari when each nuclide decays, The detail* of such calculations aa those are 
dlaouaaed In Chapter a, 

In a nuclear detonation, the flaalon products are Initially vaporised; 
they oondonae later an tho fireball oonla, Of the approximately 40 elements 
present, some are volatile and not usually In a condensed state even at 
ordinary temperatures, Borne elements are refractory gnd condenst, at nigh 
temperatures, The remainder condense at intermediate temperatures. 

Because there Is such a targe range In the thermal stability or the 
condensates of the fiaelhn-produoi radionuclides, the normal abundance ratlna 
of the fission-product radionuclides In fallout are altered, It la found that, 

In the larger fallout particles, the relative concentration of the volatile 
radionuclides (and their daughters) la low and that the.oonoenlratinn of the 
more refractory radionuclides Is high. Any suoh alteration in the abundance 
ratios of ths ttaston products, relative to the original fusion-yield abundance 
ration. Is p alled fractionation. In moat types of falldillUhe fission-product 
raillonuolldsi are found to be fractionated. 

Neutron-Induced activities ara also found In fallout. These induced 
aollvltlea are produced by neutron capture In materials prssent in the weapon 
itself and In other environmental materials at thalpolnl of detonation. Perhaps 
th« most Important of the Induced activities are those produced by neutron 
capture m lha elements of the weapon's construction materials, These Induced 
activities result from neutron activation or uranium”898, Iron, manganese, 
and other construction materials In soil and esa water, manganese and Sodium 
arc perhaps the most likely elements to be neutron-eetlvsted In hlgheel 
abundance, " v 

The gross decay, or variation in air loniRation rate with time, of the 
nuclear radiations from fallout le the sum of the contributions of all the 
radionuclides present In the radiation enures, Thus, to specify or even to 
estimate the gross decay rate of fhe radioactivity in fallout, both fractionation 
and nrmtron-lndiinml activities must be rinnsidered, 
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11,1 Xllll titanctHrd IhUminUv Hud Contour I'innrrIirH 


Thu term standard intern*tty la ilciI' iukhI hern fin the magnitude of the nil* 
Ionisation into Hi throe foot above «n extended open nren covered with fnllout, 
corrected to a Minted time nftenlotAnutloni (conventionally the staled time I* 
one hpur, Thin reference-lime originated when the "nominal"dotonatton yield 
or nuclear weapon* wan 30 Uf lutunm '(K'l'f, and when data on fallout were 
available only for* small-yield weapon*, ulnae for auah yield* the fallout process 
wb* HHUontially complete by one hour after detonation, at leaet in arena receiving 
significant amounts of fallout. Of course, the heavy deposition of fallout from 
megaton (MT) yield explosions is not oomplote even nftor several hours. In 
auoh case*, the obanrvod radiation Intensity at one hour after detonation la not 
the *am» hi that calculated from a mesauroment of the intonaity after the fallout 
aaaeea to arrive and must be decay-corrected to one hour after detonation, 

The standard intensity values are uaed In constructing charts of arose on 
which fallout has been depositedv A chart showing a fallout pattern consists of 
a sort so of isolntsnslty contours, These contours are not Hava of equal 
potential haeard until after the fallout has oeased to arrive at the farthest down¬ 
wind location on a given uontour. The charts are very useful, however, In 
evaluating the area-coverage of fallout with regard to both the potential radiation 
ha*anl and the kinds of protection needed to reduce that bastard to a desired level, 

The determination of the atandard Intensities requires measurement* of 
the intensity , over time, at a series of locations during and after the fallout is 
deposited, and, in addition, measurements of the Ionisation rate, over time, 
on samples collected whan the fallout first starts to arrive, A heavily shielded 
detector is required for the latter, However, for looationa where the fallout 
arrival time is greater than one hour, correcting the obtained data to tha 
conventional time of one hour requires a dsasy-aorraotldn factor for the period 
between the time of the first measurement and the standard time of one hour, 
Measurements of the intensity over areas covered with fallout particles, the 
contaminated areas, have been made, in most caa«a» with portable ion ohambera. 
The accuracy of the measurementa made with most of tha presently available 
portable instruments la not very hlghi however, if the ion chambers are kept 
in excellent repair, are carefully handled, and are kept calibrated, accuracies 
-afebout SO percent can b* obtained, - -- 

The Intensity due to the fallout particles depend* an (a) the number or 
maie of the particle* depsilted, per unit surface area, and (b) the specific 
activity, or concentration, of the radionuclides In the particles, To reduetxlhe 
intensity of the failuut from * land detonation by Intention, either the pastioloa 
muet be moved away from the location of Interest or shielding must be placed 
between the particles and the location of interoal 



Moving tho particles efficiently nnil offootlvoly requires Homo knowledge 
of the pru)>nrtlca of tho pnrile Ins i nlfto, tho removal proooduro or deoontaml" 
nation method must ho designed to remove fallout particles, because of these 
requirements on the performance of decontamination methoda, relatlonahlpi 
arc needed among (u) the mass of the particles, par unit area <b) their i poetIflo 
activity, and (o) their radiation Intensity, fluoh relationship* are extremely 
useful, because intensity measurements, which are easy to make, gen then be 
used to deduce the fallout properties that Influence decontamination, 

Tl|oe« relationships between the radiation Intensity and the related 
fallout properties are oajled oontour ration they are dleoueeed In detail In 
Ghapter 0, The valuea of theao ratios, and the mathematical form of the 
relationships among these ratio* and the other parameters, depend on two 
major fco tors. One is the type of ohemloal system produced under the given 
conditions of temperature, pressure, and concentrations of various constituent 
elements In the fireball. The other factor la the manner In whiah the pertiotes 
become distributed, both In the farming cloud and in their fall through the 
atmosphere back to earth. 

Definition of the ohemloal systems formed in these processes, as well 
as of the ohemloal ayatema formed when the fallout particles contaminate 
surface*, la Important in devising appropriate decontamination procedures. 

To be uaeful, such procedures must be designed to operate on any chemical 
system* that contain radioactive substances, 
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Chapter A 

FORMATION OF FALLOUT PARTICLES 


3.1 General Defin ition pf the Proces s 

The process of radioactive fallout formation la Inltlatad whan flialle 
material undergoes fission. In saoh fission event, about 300 million electron 
volts (Mev) of energy are released! also, two nuutron-rloh radioactive elements, 
or particles, plus two to four or five neutrons, and several gamma rays are 
produced—If the resulting two particles carried all the released energy before 
colliding with another atom, the average Initial energy would oorreepond to a 
kinetic temperature of about to 18 degrees Kelvin < # K), 

The released energy is initially in the form of electromagnetic and 
kinetic energy whose Immediate and rapid transmission to nsarby surrounding 
materials causes ths latter to vaporise at high pressure, Thus when many 
flselon events ooour in a small volume in a short period of time a high-pressure 
shook wave forms and fc nuclear explosion rasulte. \ 

The two fission-product atoms formed from a heavy-element atom 
contain more neutrons than do stable elements having the same atomic mass, 
Therefore, the initial fission-product atoms progress to stability by emitting 
beta particles snd/or neutrons, This beta decay o! many of the flaslon- 
produot radionuclides results in the simultaneous release of gamma rays, 

Also i the capture of neutrons by nearby atoms results In ths release of gifmtna 
rays, At detonation thsrnfors, the gamma ray puli* includes gamma rays ^ \y 
from (a) the fission reaction itself, (b) neutron capture by elements in the 
surrounding media, and (o) the deaay of flaslon produoti, 

In the ao-oalled fusion, or thermonuclear, weapons, the high temperature 
created by the fission proosss is utilised to fuss ths light sis mint* 8U0h MS 
deuterium, tritium, and lithium, In this combining of the lighter elements to 
form helium or other heavier nuclei r additional energy and neutrons are 
released, Such neutrons .having higher energies than those produced by fission, 
are able to cause the fission of urnnlum-330 or, when captured by the nuclei of 
other elements near the exploelon, to cause the latter elements to become 
radioactive, 
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An tho thnrrmil nnrl shook waves trnvol outward from the detonation point, 
the materials enveloped nre nleo hented to high tempcraturesi oryntal bond* 
are broken, ohomlntti onmpnumls nre tleeo.npoaed, molecules dlNgootnte, nnd 
atoms hsaaroo thermally ionised. The result la the highly luminous mass of 
gaseous material oallod the fireball. 

Thin transfer of energy by the ebook wave and radiant processes to theaa 
materials nnd to other substances occurs at the expense of the Initial energy 
of the fission fragments! their kinetic temperature falls extremely fast, by 
collision with other atoms, us they diffuse outward from the oenter of the ex¬ 
plosion, The rate at which the energy is transferred to the materials being 
enveloped by the expanding fireball also doorcases rapidly ae the thermal 
exhange proceeds, and as the temperature of the materials on the Interior of the 
gas volume decreases, As the temperature decreases, joaltlya lone regain 
their electrons and become atoms, atoms reoomhlne to form molecules, 
molecules condense to form liquid droplets, and, flnslly, when the temperature 
is tow enough, the droplets solidify, , 

In the emoting of the fireball the Important stage in the formation of fall¬ 
out begins with thi time and tempsraturs at whtoh the first liquid drops form, 
This formation process continues until after the materials invblve'd have aooled 
to about the temperature of the surrounding atr, While the condensing s process 
probably nsver actually ooases, suoh a large fraotion of the radioactive and 
other elements have condensed by about five to ten minutes after detonation 
that the process Is essentially oomplsts, 

Tho highest firebniS temperature to bs considered in the formation of 
fallout is the boiling point of the most refractory material present in sufficient 
quantity to form a maerosoopto liquid phase, For most materials this tsm- 
psraturs ts bstwsen 8000 and 4000'K. 

By the time the fireball temperature cools to 8000 or 4000'K, It has risen 
some height into the atr and, for near-surfaoe burets, orater materials con¬ 
sisting of liquid and/or solid soil particles have ontsrsd ths fireball, At ftrat 
same of those sre meltsd and vaporised! as the gas temperature decreases, 
fewer and feweroHhe crater material particles are melted, until finally those 
that actually reach the altitude of the rising cloud are only slightly warmed, 

The melted particles dissolve, aggregate, and occlude the smaller vapor- 
oondanesd particles'formed by direct vapor condensation even before the mass 




of larger purtlolns enter* t.ho flrnhnll,* Whether molted or iiolkl, the onto)'Inn 
particle* present nn astro moly largo nmount of surface area upon which the 
gun atoms or molecule* cun anmlcmse. 

Thorn uro several huts fu characteristic* of thn fallout formation process 
In thn tlevoloping firehull. The first is that, of the fission products clone, About 
40 different radioactive elements ora produced in a given yield, or order of 
abundance, that results in h set of partial pressures of vaporised species whoso 
values are Initially ranked In the same order ns the abundance values. The 
second characteristic Is that the chemical reactivity and the equilibrium vapor 
pressure of each element in the I'lraball differ from those of the other elementa l 
thus the fraction of each element In a condensed state at a given temperature la 
also different from the fraction* of the other elements, 

The third characteristic is the presence of Inert (nonradionctlve) sub¬ 
stances i these furnish either (a) an available surface area that the dilute vapors 
aan condense an or interact with, or (b) a dense vapor that condenses to form a 
macruSuopio liquid phase with.which the less abundant radioactive elements can 
interact. The role of the condensation process f both in fallout formation and In 
fractionation, la discussed in detail later in this chapter. Condensation is one 
of several causes of observed fraatlonatlon in fallout. 

An example of the denae-vapor condensation process is a detonation on 
sea water, In thle type of detonation many of the fission-product elements 
condense, along with the bomb casing materia is and the salts, before the water 
does, but the fusion-product elements are ooouluded or dissolved by the watsr 
when It condenses, Such Inert materials, that serve to carry the radioactive 
elements back to earth, are called the carrier or the uarrier materials, 

The amount of each radioactive element that la actually found In fallout, 
relative to some standard of measure, depsnds on five main factorsi 

1, The ariglntii fission yields, that is, the relative Abundance of 
the flu ion products) 


*A more complete general desuription of the fireball and its behavior is given 
in Th e affects of tyuclaa r Weapons 1 (designated ENWhereafter), Certain data 
from that volume are utilised tuns'i generally these are confined to input 
Information required to describe the fallout formation process, Data oh the 
else, temperature, and position of the flrehall are Important In estimating Its 
energy content, and in establishing an appropriate standard reference time for 
estimating fireball parameters for different nuclear yields. 




The cmplurn of neutrons by Ihn fission products themselvesi 


,’l. The degree to whtoh ouch fission product condenses Into or 
onto the carrier particles i 

4, The neutron emissions in the decay ohalni ami 

5, The radiochemical standards used in measuring the relative 
abundances of the fission products. 

The relative abundance of euoh fission produot element originally pro¬ 
duced at detonation depends on the fiesils material uaedi 1,*., whether the 
material la U-38fl, U-abB, Pu-380, or some other aubstanoe, The flieion-ohaln 
yields also depend on the energy spectrum of the incident neutrons, 

In general, In the change of energy of the incident neutrons, the fission 
yields of the nuclides in the lighter-mass (A « 00 to 100) peak tend to shift 
more with mass number than do those in the heavier-mass (A * 131 to 144) ■' 
peak, In tha fiaslon of the heavier fiaaile elements, the center of the lighter- 
mass group moves toward the higher-mass numbers, As the inciident-noutron 
energy lnorsasee, the yields of the male chains that appear in the valley 
between the two yield peaks rise, arid the yielda of the highest- and lowest-mass 
number* also risei also, the neutron yield per fission increases, This increase 
in neutron yield per fiaaion tends to spread tfm two peaks farther apart and, 
again, the lighter-mass group is shifted more than the heavy-mess group, 

Neutron capture by the fission-produot elements results in a genera,1 
shift of the whole fission-yield curve to the higher-mass numbers, Thie 
onuses a decrease in the yields of the elements of both mase group* thet have 
tit smaller maae numbers (the left sides of the peaks), and an Increase In the 
Plelde of the elements of both mass groups that have larger mass numbers, In 
the yields ot the elements in the peaks relatively little ohange results except 
for those elements that ha vs extremely high neutron-oapture cross-sections, 
Ths subject is not disaueeed further because of insufficient data, 

During the decay proooes, neutron emission results In a product nuolide 
that hae a man number that in s single unit less than its parent, This chain 
"shift" can be accounted for if tha decay scheme of the radionuclide is known, 
Per many of tho a hart-jived radionuclides, however, there its Insufficient data 
presently available for giving further consideration to deaoy by neutron emis¬ 
sion, 

The experimental measure of fractionation la moat often givon as an 
"Ft" factor, or "R" value, that is relative to the fission yield* in the thermal- 
neutron fission of U-238 and of a soleoted radionuclide, The most commonly 
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snlnutml null mine lido for comparison In Mo-00. However, n radio ohnmlen! 
assay of n fallout sample Unit gives un It value different from unity iIooh not 
iioooMsurlly mnnn Unit the nuelldo In ipiasMon him, In fuel, I10011 I'imi citliimitixl 
with respect to soma othor nuclide or element, Thn trim Inltlnl flnitlon ytnldM 
must ho known, both to aorrool thn observed assay data nod to determine 
whothor fractionation him, In fnut, occurred, 


»■« Miua-Chnln Yields for the Fission of U-aan. U~aii8. and flu-JUHi 

One major factor that determines tha amount of a fission product Unit 
condenses with the onrrlor up to n given tlmo and temperature la tho amount 
of that element present In ouch of tho mass ahalne, In this sootloh, tlntn on tho 
fission-mass yields urn aummarland, and oatlmates of undetermined yftijcl* 
arc presented, no that calculations of tho [ruction of tho fission products tliul 
condense to form fallout may be mnda. f 

The Independent yields or nil radionuclide*, for thermal..noptron fission 
of U >885, havo (won enlculitted by Bollas and Ballou*, according to tho thaorlos 
of Independent fission y I a Ids of aiandoniiv 1 and of Present, 11 Tho fractional 
chain yields from those onlculiUlons, for times from noro to ISO seconds, tire 
given In Tnblo 9,1, for- mass -ab i nnd, In Table 2.3, for mass 140, Much dim In 
contains a pure gas (Kr pd Xo) element, 

Tho two nine* chains selaoted lio on the outer odgijj of the two yield peaks, 
In onoh onso, the independent yield tllilflbullon from |ho olendonln thnory Is tlw 
brondey, and tho shortlived,Jowest*'/!, elements ere the moro, honyily weighted, 
This differentia dlmlnlshos as tho mass number approaches tho value 11H. 

Tho fractional yields themselves Indicate whut might l* oxpeolud during 
candonsatlon with respect to the fraullonntlon of the olmln mambors, For 
example, if only the rnra gas member Is considered, the maximum loss 
(minimum amount condensed) should oeopr between ifl nnd UB sooomls for mass 
BHi according to (I leaden I n i for muss uo, nuoording to both theories of yield, 
the fraction not condensed should doorcase a* tlw time period of the condon- 
saUon process Increases. , ] _ _ 1 

ComputiiUonal esilniulos of tho 'Indcpemlunt mtolldo yields Imvo not ,yat 
Iwtm made for fission of U-3,15 and 1*11=380 with flssion’-spmitrum neutrons, 
nor for fission of U-38 h with fl-Mov brand-hand spectrum neutrons i tho latter 
wuuhl Iki more applicable to nuclear detonations, Mptwrwu.’, Mm mass chain 
yields loe oven Pu-anu nnd U-888 flunion lire not vnyy wtill known. Available 
chain yield dntn nnd estimates of unmeasured yloldspiro suinmarl/nd In 
Table 8,8 for the risslon of U-88B, U-88H end l»u-88i;j, The bulk of the ditto lire 
token from the nummary by Kutuoffi* other references nro Included In Ihe table, 
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Tiihlo 2,3 (eonMnuetl) 


C 1M111 .AT IV I*! MAHH-f'HAIN YIN I,UN OP l-IHHION PHOIHICTH 
(VAI.UKH A 111*! IN PI'! HOH NT OP PIHHIONH) 


Mnsn 

Number 

11-230 

,11-238 

Pu- 

239 

Thor mttl 

PiRHion 

P'lsslon 

H-Muv 

Thermal 

PIsBlon 


Neutrons* 

Neutrons 

Neutrons 

Neutrons 

Neutrons 

Neutrons 

132 

(4,31) 

4,0 

4,7* 

4.4 

0,0 

4,0 

' 133 

(MS) 

0,1 

0.0* 

8,4 

0J7* 

4,9 

134 

(7,80) 

7,3 

<1,0* 

0,0 

0,00* 

0.2 

135 

(11,40) 

0,3 

6,0* 

0,0 

0,03* 

0.1 

136 

(0,36) 

(1,4 

0,0* 

0,8 

0.00* 

0,3 

137 

(0,00) 

0,0 

0,2 

0,80 

0.84* 

0,4* 

138 

0,74 

0.7 

0.4 

5,0 

0.0' 

0,4 

130 

(11,34) 

0,4 

0,0 

0,0 

0,7* 

0.2 

140 

M4 

0,4 

5,7* 

5,0 

5,0B* 

5,0* 

141 

(0.30) I 

0,1) 

0.7 

5,5 

3,2* 

4,7 

143 

(0,83) 

0,0 

0,7 

8,4 

0,00* 

4,0 

143 

(5,87) 

0.8 

0,0 

4,07 

5,4* - 

0,0 

144 

5,07 

0,1** 

4,0* 

4.8** 

o.ao* 

4,8 

145 

3,30 

4,2 

3,7 

3,7 

4,84* 

4,4 

146 

3,07 

3,11 

3.1 

3,17 

3,53* 

3,7 

147 

8,38 

a,o+* 

2,6** 

2,7 ** 

8,02* 

3,0 

148 

1,70 

1,80 

8,0 

2,27 

a, 98* 

2,30 

140 

1,13 

1,3** 

1,45 

1,1)** 

1,70 

1,80 

130 

0,07 

0,80 

1.08 

1,45 ' 

1,38* 

1,48 

101 

0,45 

0,30, 

0,74 

1,08 

1,08 

Ufl 

102 

0,280 

6,31 ■ 

0,00 

0,00 

0,83 \ 

0,02 

103 

0,10 

0,10** 

0,32 

0,41** 

0.02 

0.00 

104 

0,077 

0,000 

0,19 

0,80 

0,32* 

0,37 

108 ' 

0,033 

0,048 : 

0.11 

-0,10 ■ ] 

0,20 

0.23 






Tub In 2, a (nonuluiled) 


CUMULATIVE MASS-CHAIN YIELDS OP FISSION PRODUCTS 
(VALUES AtiE IN PERCENT OP FISSIONS) 



u-a»B 

l! -888 

Pu-888 

Number 

Thermal 

Fission 

Fission 

fl-Mev 

Thermal 

Fission 


Neutrons* 

Neutrons 

Neutrons 

Neutrons 

Neutrons 

Neutrons 

180 

0,014 

0,028** 

0,006* 

0.098** 

0.18* 

0.14 : 

187 

0,0078 

0,012 

0,034 

0,007 

0,064 

0,078 

188 

0,008 

0,0062 

0,016 

0.088 

0.084 

0,048 

189 

0.00107 

0,0084** 

0,0080** 

0,017** 

0,080**** 

0,026 

ISO 

8,6X10’* 

0.0018 

0,0036 

0.0086 

0,0098 

0,011 «■ 

m 

7,6x10 “ s 

4,8x10"*** 

9,4X10“'* 

0,0044** 

0,0038**** 

0,0081 


*i«ymour Kitooff, Buiaa^tflduflk liildlllflBI m MlBli, 

Nuoltonlon, Vol. Id, No, 4) p, 78-8G (1866), 

• / 

**L,R, Bunnay, E, M. Saaddsn, J, 0, Abrlam, and N, E, Ballou, Radlo - 

Secmnd UN International Oonfersnoe on the Paaosful Dial of Atomic 
Ensrgy, A/Oonf, IB/P/848, USA, Juna 1MB, 

***0, P, Ford, J, S, Qllmora, at al,, Pinion YUld^ LAlSd-8088, ISAS, 

****L, R, Bunnsy, S, M, Ho Addon, J, 0, Abrlam, and N, E, Ballou, Fission 
Ylilds in Niutron.F)ft»loiLal Ju-a ai, U8NRDL-TR«888, 1981, Unol, 1 

a, Piwsnthesas indicats estlmatsd values or v/her* Katoeffs valus was 
altered in order to adjust the yields to a gross sum of 100 in eaoh peak, 

. I 

b, Lins indioatsB division of two pasta that was used for individual psak sums, 
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This ytoki curve for therms I neutron fission of ll-UflS give* mn iivcrmge 
value of a.It neutron* per fleeJon. For floslon-spectrum neutron fission of 
U-a»a, un n vertigo value of 3.1 neutron* per flee ion in obtNlneil. The*# two 
values, topi,her with the referenced data in Table 2,13, are used to-'derive a 
set of stylised yield curves for the flew lan -neutron fission of 11-2311 and Pu-230 
and fur tha B-Mev neutron fission of U-238. 

In each case, the fission by fission neutrons la assumed to yield about 
3 neutron* per fission and the 8-Mev fission to yield 4 neutrons par fission. 

For such a variation with neutron energy in the neutron yield per fission, 
14-M*v neutron fission (jives about 4,5 neutrons per fission, At a given mass 
ohaln yield, the increase in the neutron energy from thermal to fissisn- 
speutrum energies shifts the right side of the heavy-element peak to the heavier 
masses by about a l/4-mass unit, Where there are no data to indicate any 
possible changes in the fine -«1(ruoture shape of the yield curve at the peak,, the 
genera] ahape of the thermal-neutron yield curves in retained, but is adjjueted 
in height so that the total yield in each peak is reasonably near 100, 

The large discrepancy between Katooff's values and those given toy 
Bunney (see Table 2,3) in the rare earth yields for thermal-neutron fission of 
Pu-lifi may toe due to persistent errors in the oounter calibration. The yield 
values given toy Bunney are lower by a factor ol 1.5 at mass number 144 and 
approach Katooff's values as the mass increases i at mass number 103, 

Bunney'# value is only about 20 percent lower. Katooff's values five a peak 
sum nearer 100 1 therefore are used in Table 2,3. 

Comparison of the cumulative ohaln yield* at the two peaks (A - 30 to 100 
and A - 181 to 144) for those types of fission indicates that no very large 
differences in the gross decay rate* of the Heston products from the three 
fissile nuclides should be expected. The mass -chain yields for fission-neutron 
fission of PU-28B appear to differ moat from the yields of the thermal-neutron 
fission of 17-235, For mass numbers such as 140 and es, whose radioisotopes 
may contribute more than 80 percent of the total gamma radiation at specific 
times after fission, ths largest differenoa is S3 percent for maaa number 140 
and 11 percent lor mass number »9, The yield of mass number 00, however is 
significantly lower for U-281 (8-Mev neutrons) and Pu-22B (fission neutrons) i 
the difference* are 25 and 41 percent, respectively, 

The yields of mass number 187 are all more nearly alike. The largest 
chain yield differences occur between the peaks and the yields that appear at. 
The highest one! lowest mass numbers. Bui, even tor t’ -338 fission (6-Mov 
neutrons), where the yields of the muss number* near 118 are more than * 
factor of ten larger than the yield for U-235 fission (thermal neutrons), the 
contribution of these "valley" element* I* a small fraction of the total 
radioactivity of the fission prccluols 



Tu um«( the mss* chain-yield value* lu computations of the amount of 
each nlement that la aom.lennoil to form fallout and In ualuulaUng the grose de¬ 
cay rate of the mixture require* some estimate of the Independent yield of 
e*oh chain member, Partly for convenience, the Independent yield* calculated 
by Halloa and Ballou 11 far thermal-neutron fiasfon of 11-835 arc converted to 
fractions chain yield* ao that, they may ha applied directly to all the cumulative 
masa«ohain yields for each type of flee ton, 

Although It appeara that GUmdanin'e aymmetrioal charge-distribution 
curve la generally applicable for all ftaalle mtoUdea in low energy neutron 
flaaian) It haa been ihown* that tha moat probable charge, Z,, (for a given maai 
distribution) shifts toward stability with increasing neutron energy. That u, 
the higher fractional yields appear farther to tha right (toward a higher * 
number) in any decay chain, Pappas' used a discontinuous function for and 
considered the primary fragments beiore neutron boil-off t however, Wahl* has 
shown empirically that the Sfi» lunation In thermal fiaeien of U-8SS is oontlnuoua 
as was originally postulated % Glendenln et al, 1 Herrington 58 proposes two 
charge-diatrlbution curves, one for the even-neutron nuclides end another, 
showing a lower yield, for the odd-neutron nuclides 

It is clear that there in no unequivocal choice among methods for esti¬ 
mating toe independent yields of the chain members, even for thermal-neutron 
fission of U-SII, For the independent yields of higher-energy fission, die 
experimrntal data are rarer yet, It is therefore assumed .that the fractional 
independent yields for thermal fission of U-888 calculated by Holies and Bellou 
on CMondenin’s postulate are not too inappropriate for any kind of fission with 
low-energy neutrons, When more data become available on the total ohain 
yields and an the independent ylelde for each fissile nuclide, the, indicated 
corrections can be easily applied to the computations,. 

The total energy released in the fission process cm be calculated by 
.using the mass packing-tfraotion curves, for tha final stable nuclide in each 
mans chain, for the fissile .nuclide involved, and for tbs fractional mate-ohain 
yields, The oafouiated energy release* arai 

IBB Mev per fiaaion for fission-Matron 13-848 fission, 

804; Mev per fission for *-Mev neutron fission of 13-838, and 

SOS Mev per fission for fiaslon-neutron fission of Hu-888, 

By use or the value i.lflxlQ 58 oelorfoa per klloton of TNT, and the value 
8 891xlO' M calorics per Mev, the number of fission* thill release the same 
energy a« 1 klloton of TNT can bo obtained. These ere, 




1 KT - 1,44*10*" fissions (11-2315, fission-neutrons) 

1 K'J' i i.4ixJiJ aa fissions (II-8UM, M-Mcv neutrons) 

] KT * l.HHxiO M flnslons (Pu-SiBl), fission-neutrons). 

All of the original compulations in which this number-of-fissions con-" 
version factor 1* used are made by using the value 1,4(5x10"® fissions por KT, 
without, refsrenne to the type of fissile material the computation applies to. u 
The excess neutronu, produced by the fission process only, arm 0.4B moles 
per KT for U-836 (fission neutrons), 0,47 moios per KT for U-SSB (Mev- 
neutrons), and 0,40 male* per KT for Pu-380 (fission neutrons), 

The energy end neutron yields that are possible far isome thermonuclear 
rseotionc can be estimated from the reactlone given In ENW (p, 18). These 
include, fbr deuterium combinations: 


3 x ti 9 » g He 5 + n 

+ BJ Mev 

a,H* - .H* +. jH° 

+ 4,0 MiV 

,fl* + ,«• - jHb 4 + 0 n> 

+ 17 0 Mov 

and 

1, ' ■ 

iM‘ ♦ B n' - ,H B 

¥ 8,8 Mev, 

The sum of these motions is 

k ~~ ' " • : " 

.‘f' 4[H* - ( He* + (He* 4 „n> 

J UB.fl M«v, 

The indicated energy raises# is 0.B0 KT per mole of deuterium molecules 
neutron yield is i,7 moles per KT. ^ 

Per the tritium reaction, 

_.. ... _. . - 

fljH® - ,Hw 4 4 8 e n‘ 

+ 'll Mev 


The energy re lease for this motion I* 0,88 KT per mole of tritium molecules t 
the neutron yield is 1.4 molee per KT 



For the combination of Ugh) elwmmLB, bihvU hs lithium unci nluuU'Muw, u 

I'UiU'llplI MSiei! f!K 


nW 1 h jM" • auM* 1 " H n 1 ' 1 ” ».J Mc>v 

cun occur. In thin reaction t the energy retouaiid is ti.tlli KT per mule cl iHihJ- 
um cleuterlde, with « neutron yield «f 8.1 mole* nwr KT, Several other reactions 
onn lit! formulated fur the fusion offbeat. light element*! meal of them give 
reaction itncrgkw In the range of 11) >% 86 Mev, and neutron yields >(*f Wwen 
noro anti 8 lor nueh rose)lion. Thus, lor theenergy-release and the newt run 
yield* sf thermonuclear motions, s reasonable estimate to toe tfhiit 
about 0,8 KT of energy per mole t»i reactant 1* releseec, and about 8 8 moles 
of neutron* per KT arc produo id, 

In all thermonuclear weapon*, the tutwi yield >01' the explosion i* the sunn 
of the energy released toy both the Hatton and the lustoii prone*»es, However., 
the amount of rodltmctlue ft** ion products pnaduusd depend* .nt% on the lHs- 
sloti yield, Thus, 111 ouuslderiii* the ratio of fission to Mail yield It 

an .important quantity i the oancerrtr Bitten ,«f the fission product* da .directly 
.proportional to the ratio of the fission yield to the tetai weapon yield, For 
example, If the fission and fusion yields of t thermonuclear weapon or* otjusO, 
the radiation from the ts-iimn would toe about hsilif thai. of a pure Hatton Weapon 
of the tame yield. 

The number of nautron* produced it alto of interest in faltout. ftnc* 
all the neutrons released are captured -by tome nearby .atom, t uonsiiderBbl* 
amoupt of additional radloactti vity may result It may be .noted th n t sin the Hb» 
aionjrf li- BB S th- amaunt of rsdiostotslvs flssicn^sreduei .elements produced it 
0,07 molos/KT. If ail of the *xo«*b neutron* wars .captured toy eoma tub* 
stance to produce a radioactive .product, the total ttotiail radioactive yield 
would .be 3 37 mb!««/KT. In the same ettuaticn, tout for b pure thermanudear 
yield, the. neutron actlvationis ultme -would amount to4,8 motoB/KT, Thus, in 
b penis, n pure thermonuclear.. «r so-called " oJesm", weapon .could ihive « 
radiological capability twins that of • pure fission weapon, 

But, It would he a rare occurrence that thli capability would toe reunited, 
because many of the naturally occurring elements that are in large abundance 
(tiich bb hydrogen, all loon, oxygon, and aluminuw)can capture .neutron* to 
produce either another amble nw4W* or « rery pheri^llveil ridaonhclld*, <On 
the other hand, II a tbermcmue Isay explosion took .place where such elements 
iih sodium imill) muTwnnme, cobalt, and eo on, were concentrated In large 
quantities. the mltoBotlvo yield of these elements could toe 'Oigwcteil to toe Ivlgh, 
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infarmaUrai m the atruetur* and c ompoiiifw, f iroliviilual fnlloui par- 
tide* i» obi* total fflimly Crom two typo* of observation*; (If paragraphic 
•dad radiographic analytes of thm swlloKa of fallout parilcloa and (2) null- 
ochanofoai and chemical iralyses of fallout particle*. The results or analyses 
of .stogie fallout particle* contribute more to the underalaittiing of the fallout 
formation peace** than toy other type of analysis. The major limitation In 
the analyse* of aiftgle partmj#* f« that «h« m#tlK“f* ir» not applicable to the 
•tody e; particle* of test than about 100 microns in diameter <and usually 
larger! for the paragraphic methods, and of particle* with leas than a given 
radioactive coolant for the radiochemical methods. The pertinent result* 
from the petrographic and radiographic studies are aummarlied here, and a 
description of the cup* rl mental tochlwjuo* follow* the nummary. 



Particle* from Operation Jangle la tool were analysed by Adams, 
fVippatf, tad Wallace 34 of the UJ, Nsml Radiological Defeat* Laboratory 
fKHDL.) wad by others **-' M A* t|w rwailt* of these analysed are the only one* 
available mu fallout from a d etonation on the surface of a til irate salt. The 
panticlea studied ranged in else from WO to 19,m micron* in diameter and 
were #atoct*d m the bait* of activity content. Tbu* the reaulte apply to the 
Mgw nod moat highly rad tammy* of (he Callout particlee. The oburvaUena 
were made m tMn «ecti<me about «0 mtcrona thick taken from «h# ©antral 
ragtos o(f the particle* taw Ptfure M|. 

The ftndtof* are mmmartsad a« follow*; 

a. In thin mtotioa, almost all of the fallout particlee consisted 
thrwwhoat of« tnuwpnreat gtaes (I,*,, a toted silicate maaa). 
Many t*«w>au**d fragment* of uamelted mineral grains and air 
, i <MM*t inatde tha gUam, The mineral grate* composed par* 

.5 -“" ' 1«P* * tow percent of the volume of a panicle #*« ni*e bubble* 

or void* composed aonwthtnc lit# two to tour time* the 
volume of the minors! grain*, home panic lea, fa the gfaa* 
gfisasr. remained neither mineral grata* nor air bubble# and 
B0 MdtoMttVt^ w*,* found to thotoimelled mineral grain*. ■■ 

2. Most of ttto Setimral gretaa to the flees particle* were.- 

.too *»ali' to he oanUy Wwititiod with the pet rographic 




P| #«<P 2.‘] . . 

THIN SECTIONS AND RADIOGRAPHS OF SOME FALLOUT PARTICLES PROM A SMALL-YIBLD 
SURFACE SHOT AT THE NEVADA TEST SITE, THE PARTICLES ARE A TRANSPARENT, 
OREEN.YELLOW GLASS WITH THE RADIOACTIVITY DISTRIBUTED MORE OR LESS 
UNIFORMLY THROUGHOUT THEIR VOLUME* 




min rnKtiOjM.i, Those that worn I urge enough wore identified lie 
quart* or feldspar i about 7fi peroont of the anil at tho shot 
point o on si Ktnl of these two minora la. Most of tho groins 
worn smaller than that of tho native soil, appeared to bo 
shattered, generally gave no appearance of being melted, and 
generally were found Mattered at random throughout the 
glass phase, 

3, A fairly large fraction of the particles were spherical or 
spheroidal) some were true spheres of about 500 micron* 
diameter. The smaller of the particle Rises studied contained 
fewer mineral grain* and voids than the larger Irregularly- 
shapod particles, 

4, The exterior appearance of the spherical particles varied 
from s transparent yellow-groan color to a light brown color, 
and the radioactivity was distributed more or less homo¬ 
geneously throughout their volume, Many of the spheres had 
smaller spheres attached or partially fused to their surfaces, 

5, The exterior appearance of the irregular particles was the 
same as that of the native soil mineral grains, but in the glass 
phase the radioactivity was distributed in an Irregular manner 
throughout the irregular partiola. 

The study indicated that the large glass particles containing 
significant amounts of radioactivity could not have bean formed by direct vapor 
condensation of tho eilloataglaaa. Electron micrographs of fallout collected 
on air filters revealed the presence of spheres having diameters of the order 
of 0,1 mleron, Theoretical calculations such as those of fitewirt 1 * on the 
condensation of such materials as iron and fission products (in airl in the 
cooling fireball give particle diameters of the order o,i micron, In hta 
calculation, ftewert assumed a fireball containing BO tons of iron in a radius 
of BOO feet and that the growth of the ptrtiolea was a combination of condensa¬ 
tion and coagulation, Btewart obtained a model diameter of 0,3 micron for the 
iron oxide particles, 

llmple kinetic theory equations that describe the growth of parti¬ 
cles by ooUiaion processes give particle-diameter values, for the formation of 
particles of a given slue in the vapor condensation process, that range from 
about 0.001 to 0,1 micron, depending on various assumed Tables of the initial 
vapor density^- Thus the Pirml! spherical particles -tn the NRW. study, with 
diameters of the order 0,1 micron, probably roeulted from direct vapor con- 
deneatlon plus some growth by particle impaction in the liquid state. 



Thu larger BjihnrUiH 1 particles (containing radioactivity lull very 
few or no mineral grains and no vuKIm) worn moat likely cither mineral urn Inn 
heated to temperatures near Uto boiling point of tint giant* ho that the glass 
lioonmo very fluid, or wore from n layer of liquid soil, ut a point nearest the 
initial fireball gnous, that formed particles when the erater material wuh 
violently pulled upward mh the fireball roee In the ulr. The more irregular 
particle# containing the shattered but unmeltod mineral grain* tumid have been 
formed by the violent mixing of the molten gins* with the grain* of soil minerals 
that were originally outilde the melted none, The voids also uould have been 
protiuood In this violent mixing process, as well as by the partial vaporisation 
of volatile constituents In the melted soil that was not sufficiently hot and fluid 
to permit the escape of these gases 


Yield, Underground Shot, Biiloato Boil 

Psrtinlsa from s Inw-yisld unriarBrminri shot w"!*''n!«o «XSmln«<l 
by Adams, Poppoff, and Wttllaoe, None of the larger particles were spherical, 
However, fused glass spheres in the small sis# range (less then 100 microns 
In diameter) wers obssryed, lupsrftatally most af the radloaoUve parttolss 
looked like the original soil minerals ol* the detonation area, They were usual¬ 
ly a light brown in dolor, and opaque, In thin section they were transparent 
and colorless, hod the glass structure found for the eurfhoe-ehot fallout, but 
contained a much higher concentration of unmelted mineral grains and valde, 


Partldlee available for analysis from detonations of large-yield 
weapons on the surface of land areas are restricted to those of the fallout 
produced from coral atolls, The coral reefs are, of course, composed largely 
of calcium carbonate In the form of aragonite, 11 ' The findings of C, E, Adame," 
from analyses of particles obtained from the Mike Ihot of Operation ivy, the 
first large thermonuclear detonation, are summarised as follows’ 

1, The particles available for study were grains of a sa'HI 
white material whoae diameters range from about U,0i j 
microns to less then 88 microns, (Those selected for 
petrographic nnri radiographic analyses hnd diameters 
between a bout 7 50 sml 1,500 micro ns ,) 

a The principal constituents, aa determined from X-ray 
diffraction patterns of powders prepared from a group 
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of piu’tilclcm, wore cmMuni carbonatci in l.uiiih the c'U)t<n<e> 
uuel aruflunl-it' forma, unci ti&lolum hydroxide, Stadium 
chloride uud iuRgiitiMlum oxide well'd til no present but l;he 
calcium carbonate iinfll hydroxide r.icimpountl* were in hlghept. 
abundance, Small amount* eT calcium nUrale were alio found 
an the weticrlor or name particle*. 

B. Molt af the pArticlee wane oompoiod of calcium hydroxide, 

with a surfs-.ce layer ef calcium carbons** -of 1!h« 
structure, The itiriakneat of the •vurlao# .calcium .carbonate 
layer, on particle* exposed to the open air, incroufted .with 
time, fThtee particle* were .genernlly Angular in chape, 

-4» - A tew ipartirloi .oonilifted erf only .oKlclum .emrbanBte — . 
(aragonite etructure). 

S. The radiograph! -of the to tortious -of the particle* .Showed 
that the radioactivity wai umaMy aottoeotontad in * hand near 
the outer aurfaoe ot the iparttole (aea (Figure 8,8*, (However, ; 
a aigntfiaant toartion of the .paroMea atudiad had wadioao^rtfcj/ 
diatrfbirtHfl more or less umferrnly throughout tfeeir volwmee< 
Theaa dietnibutlona were .not Sound to he related to the .dbemlonl 
••or (physical etouoture .of the ipiptoielet, 

ttlhda ittfornmtfien on fallout town flWonarttlen* on oorml wao l»tw 
added to j analyse* were made of particle* collected town rthor tharmoiracloiur 
detonations and ‘by Improved as-mpUng method* and coverage. Aiienara! 
dliouaalon of All the reautti waa given % Adame, (FiuKlow, and icihrtl P The 
finding! portinant to fallout toom large detonation* on coral wen 

i. . The angular particle* found predemTimirttng In the Operation j 
Ivy Wtha Ihot fallout worn atway* dbaarvad, Variation* in 
thla ganoral type of angular particle* included awn* particle* ■ 
containing a cor* of unahered oalotum onrbonirt* 'and other* 

> wrth many amall radditah^w»nie'Ae4il&vhiidher««'aiheriiiig 

to the particle aurface. 

8, dccaiionally, unaitemd coral .partlclea wore'found that had 
email black apheree attached to their surfstws ,(»* figure 
3 .4) , The else-of the small spheres gmiorally ranged toem 
aubml croioopie up to about M microna in 'diameter , 






iRf UM 2.2 

f«tts! SBCfiKW AW© flACtOSRAPH ©f A fALKSU? 'PART'ICLt ffcOM a fMJLiL.tfiliL.iB> 
'fillRiFACC :«WOIT AIT WlE WiEVAUA relit) fling. Wf. f ^SITilOU® «* A TiRANIBPAIMMT 
V*lVQ*>mvm OUti 'Wt TiM «*hlY iWCiL'UiUIWS ©F Hki ftUJiStLEi Mm WttEL til© 

MHdciML. ©RAiiKi'ii, me nwiButOAcni'-vnirir Hi njn*ir*iifflurii© wieouuiitv irtMitautawoiiir 

mm ©LAW iRWAtE «F IMS iPAtTHOL* 






FAfWf* 2.1 

THAN SSCTACW AS© RAPSOGSA** OF AN AnuuLAR F ALLOUt MUft ! f fM A 
umm-mio tUR»ACC SHOT AT Th| PWiWPTQK P.OQyjMe OSOUMW. TOSS #A*?iCLI 
AS COMPOSED ALMOST gMTARfLT Of CALGUM HYDAOXAOt WITH A THIN OUTER U*M 
Of CALOUH CA«MNAT| ; THt RAO'OACTWTY HAS COLLECTED ON THg SURFACE 
An© MAS D?f F«eo A SHORT PWANCK INTO THE PARTICLE 





Fffur* 2.4 

SECTION OF A FALLOUT PARTICLE FROM A LARGE'TlELD SURFACE SHOT AT fHE 
IAUWITOK PROVING GROUND. THE SMALL, BLACK,, RADIOACTIVE SPHERES SHOWN 
ADHERING TO THE SURFACE OF A CORAL SAND GRAIN ARE FORMED IT VAPOR • 
CONDENSATION, WITH SUBSEQUENT GROWTH BY COAGULATION, OF MATERIALS 
VAPORIZED IN THE FIREBALL 






3. Th« third gcncrxl lypr of pnnioic* found was xphorlcni: it wn* 
composed of calcium oxide that, by the time of nnnlyals, 

hud partially hydrated to calcium hydroxide. The aurface 
was covered with a thin layer of calcium carbonate In the 
oalclte form. In theae apherioal forma (ha radioactivity 
waa uaually distributed more or leaa uniformly throughout 
the nartloie (««* Figure 2,5). 

4. Tha fourth general lyp# of partial# found waa a vary fragile 
fluffy particle almllar to a ■ now-flake. (Moat of theae 
apparently broke easily, either on landing in the coiioator* 
or in the handling and shipping of the samplaa.) 

The angular particles, the ones having the Irregular ahape of 
fractured coral grains, must have bean haated to temperature! higher than 800 
to 800*C, alnoa this range of temperatures decarbonates tha oalolum carbonate, 
However, the angular particles did mi reach the temperature of 2990*0 re- 
quired to malt the oalolum oxide, The mlcroporous oalolum oxide tu hydrated 
by atmospberio water after it cooled Mid during tta fall to the earth. The 
oalolum carbonate layer in the oalclte form muat Hava been formed from the 
carbon dioxide of the atmosphere after the partial# had cooled, since oalolte 
Is the stable structure formed by this relation at temperatures leae than 3<FC. 

The Small oranga-red-to-blaok aphsrsa were vapor-condensed 
particles consisting of a mixture of oalolum, iron, and ffsalon-produced oxides, 
Since It was later found that a largs fraction of the activity waa in ionic form 
\ and could be leached from the angular parti cles taoklng the spheres on their 
surfaces, it Is likely that these radioactive fission products wore present In 
molecular or tonic form In the structure of the particle, The band of activity 
around the edge of tha particle indicate! that soma Inward diffusion must have 
occurred. 

Tha small partlolea on the surfaces of the larger ones, however, did 
not lose activity by diffusion. Hanes, some of tha activity in these irregular 
particles muat have been oolleotsd by the vapor condensation of fission-product 
element* in their molecular form and some from collisions with vapor- 
oondensed solid (or liquid) partial** ranging from molecular alas to 10 microns 
tn diameter, The solid calcium oxide, in the presence of carbon dioxide, can 
exist between 900*C and 2890*C, and many of the fission-product oxidate can 
oond ense from a vapor phase in this lemperature rung* The iron, for 
production of the vapor- condensed spheres, came from the atruoturea around 
the tolt device, and tha calcium oxide from the vaporised coral at shot point, 
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Fiaura 2,5 

THIN SECTION AND RADIOGRAPH OP A SPHERICAL FALLOUT PARTICLE FROM A 
LARQB-YIELD SURFACE SHOT AT THE ENIWETQK PROVING GROUND. THIS PARTICLE 
IS C0MP05E0 ALMOST ENTIRELY Or CALCIUM OXIDE WITH A THIN SURFACE LAYER 
OF CALCIUM HYDROXIDE AND CALCIUM CARBONATE. THE RADIOACTIVITY IS 
DISTRIBUTED MORE OR LESS UNIFORMLY THROUGHOUT THE VOLUME OF THE PARTICLE 
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The spherical particles were formed from coral particles heated to 
temperatures twtween 261)0*0, the melting point of calcium oxide, and about 
3600*0, Its boiling point (in the presence of shout one atmosphere of oxygen), 
Stance this temperature range Is not large and would be of short duration, 
spherical particles were neither formed nor found in grsat Abundance or in large 
slse ranges In coral fallout, Also, melting would destroy the porous structure 
of the calcium oxide, so that the hydration process ould be much slower, hence 
in theae spherical coral particles a largs fraction of the oxide would not be 
converted to hydroxide until after a long exposure to humid atmoipheria 
conditions, 

Hydration of the fused o&loium oxide involves an increase by a 
factor of 2 in the volume of the solid, resulting in a rupture of the crystal to the 
orumbly, fluffy structure, Henae the fragile fluffy particles may have formed 
from small vapor-condensed calcium oxide particles that hydrated aa thay fell 
and agglomerated with other similar parttolan, Soma of these partlolas may 
have been formed from larger melted parttniae that collided with water drape 
In their fall and thus completely hydrated to the observed structure. 



Fallout partlales from tower ehots ovsr both coral,and silicate soils 
have been collected and analysed. The results of analyses on particles from a 
tower detonation over silicate soils by C,E, Adams and J,P. Wittman 80 are 
summarised as followsi 

— -ti~ The partiels sue used in ths study ranged from 140 to 1780 
microns In diameter. Most of the particles were brown-to¬ 
tal aok spheres or spheroids, but some were Irregular In 
shape (see Figure 8.6). Meet of them were magnetic, The 
surface luster was between dull metallic and a brilliant 
gloss, Thsir meosursd densities were between 1,4 and 
U gm/om*, Many of the particles had smaller spheres 
fused onto their surfaces, 

8, In thin station the central oors of the particles was trans¬ 
parent glMs with a color ranging from light brown to 
colorless (see Figure 8.7), The core was surrounded by an 
irregular thickness of dark brown (or black) opaque glass, 

3, The glass occasionally had flow lines and in many oases a 
fairly large number of voidsi the latter were reeponeible for 
the extreme variation in the observed densities. A few 
mineral grains were observed in the glass matrix, 




TWO FALLOUT PARTICLES FROM A TOWER SHOT At THE NEVADA TEST SITE. THE 
PARTICLE ON THE LEFT IS A PERFECT SPHERE WITH A HIGHLY GLOSSY SURFACE, 
THE ONE ON THE RIGHT HAS MANY PARTIALLY-ASSIMILATED SMALLEIFtFHIRIS 
ATTACHED TO ITS SURFACE. BOTH PARTICLES Are BLACK AND MAGNETIC AND 
HAVE A SUPERFICIAL METALLIC APPEARANCE. THE INTERIOR STRUCTURE OF 
THIS TYPE OF PARTICLE IS SHOWN IN FIGURE 2.7 





PifUM-2.7 

THIN SECTION AND RADIOQRAFH OF A FALLOUT PARTICLE FROM A MODERATE-YIELD 
TOWER SHOT AT THE NEVADA TEST SITE, THIS FARTIfiLt IS COMPOSED OF A 
TRANSPARENT OLAH CORE WITH A DARKLY COLORED IRON OXIDE GLASS OUTER 
ZONE. MOST OF THE RADIOACTIVITY IICONCENTRATED IN THE BUT 1ft ZONE 






4, The radiograph* showed that the rfuliuaciiVHy was umiaiiy 
more highly cancttnfrntod in lht» opaque gins* ground (he 
do re, In some particle* the core wag inactive) in other* 
the radioactivity wag distributed in a morn or loin random 
manner throughout the particle. 

The strong magnetic property of theae particles wa« due to the iron 
oxide (opaque) glee* around the central oar*. The emaiier particle* (ended to 
be more apaque throughout their volumes! i.».. without thn transparent central 
core, The amount of Iron oxide glass varied somewhat with weapon yield and 
with the tower"* site or maaai the heavier tower typre roauited in particle* 
containing m much aa an average of A percent iron by weight. 



The remits of analyse* of particles from a tower detonation over 
coral soil* by C.E, Adam* and J,D, O'Connor 9 are summarised as follows! 

l.\ Three genera! types of radioactive particles were found,_ 

8, The most abundant type wa* dull black, spheroidal, weakly 
magnetic, and cracked and veined with while crystalline 
material. The sisea analysed had diameters from about 
500 to 1000 microns. The thin sections (aei Figure 2.5) 
showed that these particle* had a central oore—origlnally 
calcium oxide hut partially converted to calcium hydroxide 
and calcium carbonate by the time of sectioning— that waa 
surroiitnded by a thick layer of black opaque material 
identified a# dlcalclum ferrite (acao r* f O,), The white 

_material in the veins wa* found to be • mixture of cal a I to 

and vat*rite, the two low*temper«tur* eryeial forms of 
calcium carbonate, The radioactivity waa always won- 
cent rated In the dlealolum ferrite Phas e, 

5. The second moat abundant type wat a magnetic black 
spherical particle with a glossy iuater, The partiplaa 
In the Humpies analysed were between 2At) and AM micron* 
in diameter, and wore oumpoaed mostly of magnetite 
(F#b< 3«) along with acme hematite (F*|0,). The radio¬ 
activity waa found to be more or leas uniformly dlaini»5®d 
throughout the particle volume (see Figure 2.8), 

4. The third type, not very abundant, waa white and irregular In 
*hape and looked much like grain* of the original coral. The 
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thin sections showed Iheac partloltnii In h« composed cither of 
i!nniU;re<l eoral or of calcium hydroxide with a thin coftiinx 
of calcium curhonnio. Many small black sphere* with 
diameters about 10 mlcmna nr lose wore found Attached to 
the aurfaoe of these least abundant particle*. The radial 
activity, a* ahown by radiograph*, waa concentrated in theae 
attached email black spheres, 

The most “hoods*! type of particles contained dtcaleium ferrite, 

theae could only have been formed either by the reaction between liquid calcium 
oxide ptmiclaa and iron vapor in (he presence of oxygen or by the impaction 
and aolullon of amall drop* of liquid iron oxlda to form the dtcaleium ferrite. 

Since the calcium oxide has n two-fold volume Inoreaeeon hydration to the 
hydroxide, the veins must have formed after the particle* solidified under 
Internal praaaure resulting from the hydration or the Inner bore of calcium 
oxide. In thla proceaa, some of the Hydroxide apparently diffuaed into the 
fissures where It wee carbonated by atmospheric carbon dioxide 

The aeoond most abundant typ*, the Iron oxide particles, were 
probsbly formed during the cooling of the fireball by the oxidation of liquid iron 
drop* (from the steel tower). Both the vaporised iron and aoma of the fission 
product aliment* apparently oondensad more or lean almultanaously to form 
thaae partlolaai apparently they solidified without colliding with molten calcium 
oxide partiolea. 

since the melting temperature of magnetite la 1600*0 and that of the 
calcium oxide la 8990*0, tha two would not h* present In liquid form In the 
temperature range 1600*0 to 86t/C, In fact, the more stable liquid Iron oxide 1 
(in the presence or about on* atmosphere of oxygen el temperatures above the 
melting point) it FeOi under these conditions, lie boiling point l* about 8300*0, 
Thue the temp er ature range over which both liquid calcium oxide and Iron oxide 
may exist la between about 9«00*C and 990(rc. The Iron osme from tha tower. 

It was located nearer to Uw center of the detonation than the oalolum oxide that 
win originally coral a* the bona of the tower< the oreee noe of the pure Iron oxide 
pertiolea Indicates that the two materials did not mix homogeneously In the 
fireball by tbs time It cooled to 8600*0, The abaence of oalolum in ih* partiolea 
alec indicates that the amount of oalolum oxlda vaportaed waa very amall, 

The third type of particle waa apparently formed by collision! between 
the amall vapor-condensed iron oxide partiolea and grains of coral not heated 
to 8B9trc, Thus theae least-abundant partiolea muat have formed at later time* 
than the other two typeo, The faot that the email attached particles ware e« 
large as 10 microns indicates that the initial vapor condensation process 
continued long enough to permit eoneidersble coagulation, 


42 




Figure 5,| 

THIN SECTION AND RADIOGRAPH OF A FALLOUT PARTICLE FROM A MQDERATi-TiiLD 
TOWIt SHOT-AT THIINIWIIORLPROVINO OROUND, THE GRAY CENTRAL AREA AND 
VEINS ARB REMNANTS OF THE ORIGINAL INACTIVE MILTED CALCIUM QXIPS PARTICLE, 
THE DARK ARIAS ARE THE DICALCIUM FERRlTE IN WHICH THE RADIOACTIVITY IS 
CONCENTRATED 













That (he pure Iron oxide perficlaii were not uliHerved in 111# falloi.lt 
from tower nhotH over alllotUo noil doe* not prove their nonexistence, but flint, 
if produced, their abundance in the fallout wa» very low, Thin in be*i explained 
by the foot that the glaia Irom ailloato minerals can exiat in a liquid (i.e,, fluid) 
atato at temperature* even lower than thoae at which the pure iron oxide 
aolidiflaa, Thia would permit more time for mixing in the fireball and for 
coagulation of the liquid dropa of iron oxide and the eilioate mineral*, Since 
many of the eilioate glass partlolea had email spheres attached or fuaed onto 
their surf (ices, the process of nnagulation must have continued until the surface 
of the pernoiea wee very viscous, 

Weapon yield, the height and mass of the tower, and the boiling 
tempereturea of the various substances are aii ractora tn determining whether 
ground-aurface materiale are vaporfged, and, If they are vaporised, in deter¬ 
mining the quantltlea that enter the fireball in vapor form. Most of the fallout 
partlolea from tower ahota are undoubtedly derived from grains of original soil, 
However, In one or two oases, where the surface soil contained an appreciable 
amount of aubatanoea that malt at low temperature*, such aa aodium carbonate, 
that could aot ae a fluxing agent, evidence of liquid puddling on the aurfaae of 
the Soil under the tower was observed. 



Only a few fallout parttclee or liquid dropa from detonations on or 
near tha surface of the ocean have been analysed, mainly due to the fact that 
special analytical techniques not available early in the weapons teat aerie* had 
to be developed, However, special reagent film* developed by Farlow 88 for 
analysing liquid drops ware used on a few collected samples (see Figure 1,1ft), 
The partlolea, collected at a single location from a detonation on a barge 
anchored in the lagoon at Bikini Atoll, iransiatad of a saturated solution of sea 
water salts, soma suspended crystals of sodium chloride, and acme insoluble 
solids. 

Most ot the insoluble solid materials were found to be agglomerate* 
of small reddlah-orange-to-black spheres, Boms of these were aa large aa 30 
mlorona In diameter (see Figure 8,11), From their X-ray diffraction pattern, 
tha apherea were Identified aa being composed of dioalolum ferrite, In these 
particular samples, only about IS percent of the activity diffused into the 
reagent fllmai the remainder waa associated with the aolTdl, The Iron earns 
from the large atsai barge and the calcium came from the oora! sand used aa 
ballast in the barge, 
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PI|ur»2,IG 

PHOTOMICROGRAPH OF A PICHRQMATE REASBNT FILM OP AN INDIVIDUAL LIQUID 
FALLOUT PARTICLE FROM A LARGE-YIELD BARGE SHOT AT THE BNIWETC* PROVING 
GROUND, THE SOLUBLE CHLORIDE IN THi DROP HAS REACTED WITH THE RBAQBN1 
FILM, PORMtNO A WHITE CIRCULAR AREA INDICATING THE AMOUNT OF CHLORIDE IN 
THE DROP, THE AREA OP THE CENTRAL ELLIPTICAL TRACE COVERED IY SMALL 
SOLID PARTICLES IS A MEASURE OP THi WATER CONTENT OP THE DROP, THE 
SOLIDS IN THE CENTER ARE SMALL SPHERES FORMED BY THE CONDENSATION OP 
THE VAPORIZED BARGE AND BALLAST MATERIALS 







Flfluri2,11 

ELICTRQNMICROGRAPHGP THE RADIOACTIVE SOLIDS IN THE LIQUID FALLOUT 
PARTICLES FROM A LARGE-YIELD BARGE SHOT AT THE SNIWCTOK DROVING GROUND 

THIS AGGLOMERATION OF VERY SMALL SPHERES, -EACH FORMED FROM THE. 
CONDENSATION OF THE VAPORIZED BARGE AND BALLAST MATERIALS, IS COMPOSED 
LARGELY OF DICALCIUM FERRITE 








Fur these non water fallout particles. the association of the resuite 
uf the analyses with possible high-temperature reactions is nut quite us 
straightforward as for the completely solid particles from the other types of 
■detonation#, Because of the presence of water, the droplet or particle can 
change ft» sire. Perhaps changes in the relative amounts of various chemical 
constituents also occur during the fall of the droplet through the atmosphere, 
Thesis change# are due to evaporation of water in the drop or to the condensation 
of atmospheric water vapor, as well a# to a continual process of secret Ion of 
neighboring particles, 

Certainly s larfd amount of sea wafer would be vaporised initaily 
along with the ft salon -product elements and the solid materials of the bomb 
■tractor* (including the barge and ballast in the test shots!,. The iron and 
calcium oxide vapors condense, to form the small calcium ferrite particles, in 
much the same way as was observed, tn the fallout front the ©oral surface and 
lower d»testations. These oxides and some of the more, refractory fission- 
• prefect ««tfe* would condense Writ, at the higher temperatures. The next 
substances to condense are the sodium chloride and the leas refractory fission 
products (oxides, hydroxides, or chloride*!, And finally, at temperatures 
around IWO, the water vapor condenses. It Is likely that the first particles to 
be formed serve as nuclei or surfaces upon which the remaining vapor condenses, 
si though this may net be the only process involved. The same final particle could 
be formed by separate condensation of the-various substances, and by particle 
-growth by impaction, e«prctally when the water drops ire present in liquid form 
and in high oonoentration, 

The water content of the final particle would depend on the humidity 
and temperature conditions of the atmosphere through which illUfa, While the 
final water content of the particle would be determined to a large degree by 
these condition# in the latest part of their fall trajectory near the earth, (he 
parbdee carried to great altitudes would fall through ilr layer* at temperatures 
iaaa than <TC. In ihaae layers the particles would be solid, and the time that 
they would remain in the solid state from s large yield detonation would be a 
targe fraction of their total fall time, The loss and/or gain In water content 
during the fall would result in corresponding changes in psriioie sixe snd density 
as well as in fall velocity of the particle, 


The cmfanI stent inference# of the date, with regard to the formation 
of the fallout particle# in the cooling fireball, are, 

1. The vapor-condensation of small particles begins at the 
highest temperature at which a macroscopic liquid phase 
esn exist in equilibrium with its saturated vapor. The 




substance forming Hi I h initial liquid phase la always a nnn- 
radlnuetlvo mule mil, such na the motnl oxides from (lie 
structural of the wuapon and/or the decomposition 

product* of the soils, These substances are the ones, 
nearest Iho point of detonation, whose vapors are Intimately 
mixed with the fission-produot gas atoms. Bomu of the 
fission product atoms or molecules condense to form a 
dilute solution In these particles. 

3. Heated soil (and lower; materials are drawn Into the 
fireball as it risoti some of those form pnrllelos from 
the disintegration of a bulky layer of liquid material or 
are otherwlae melted before they enter the cooling fire¬ 
ball. Certain other phrtloles are melted after they enter 
tho fireball, some are only partially melted, and some are 
not melted at all. Tho degree of heat treatment received by 
the varioua typea of partlolca depends upon the time the 
particle entered the fireball, Its trajectory through the 
hot gases, the temperatures along that trajectory, and 
the particle's ve loo tty. 

3. The larger of the melted particles collide with and dla- 
■olve the amall vapor-condensed particles, thua acquiring 
the radioactive elements they contain. 

A, Hadloaotlvo element* that remalfi In the gaseous stale 
during the time these meluHl particles exist—that Iff, 
when the fireball usmperalura Is between the melting and 
^wiling points of the |gm1inea--vapur-oondvnBB directly 
onto the particle surfaces to form dilute solutions of (he 
mutually-soluble oxides or compounds. The elements may 
solidify as separate phases in tha particles if the oon- 
oentratlon Is sufficiently large, or remain essentially 
aa an Impurity Kite in the crystal or glass phase of Uie 
larger mailed particles. 

#7 The UtsitnKjltd particles to arrive in the ftreballuoilide 
with and scavenge some of the remaining small particles, 
whlcluhen remain on the surface of die larger (unmalltd) 
particles, ante# these solid particle* oollool on th eir 
surfaces other particles as large as 10 microns In diameter, 
they van also vapor-condense on their surfaces the mors 
volatile of Ute radioactive atoms not previously condensed 
Into the liquid particles. And, since some of the fission 
products arc rare gas elements, this latter type of con¬ 
densation proceeds as long as the particles and gas atoms 
remain together. 
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Tlui purllulu tit In-suction unulyMuH, Although ^ivin^ muoli Infiirmniion 
on Ihu struu turns of fill lout purlUilus iintl on tlui way thoy «ru foniuid, give no 
quantitative data on the I’Hdlo-ohoitilunl composition of tho piirtioluMt mid only 
n limited amount of unalnislfiad Information is available front mllo-uhemionl 
analyses of fallout particles, The firat Information of this kind wn« reported 
by Kimura 518 el a|, who presented analyses of inn fallout from Shot Bravo, 
detonated on March 1, 1004. The fallout for these analyses contaminated the 
Japanese boat No. 0 Fukuryu Maru, Some of the particles, called ashen or dual 
because of the whits color of calcium carbonate or hydroxide were collected by 
the crew of the ship who onrried the material book to the Japanese mainland 
where the analyses were made, 

In tha report, Kimura chols to refer his data to ths thermal- 
neutron fission of Pu-23D. The data were reanalyzed on the basis of 8-Mev 
neutron fission of U-233 because of the reported high abundance of the nuolide, 
U-SI87, presumably produced by a (n, 2n) rsaotton on 11-238. In this ln*tano§, 
the Pu-239 was presumably produced by a (n,y ) reaction on U-238 In which 
the Initial product, 11-289, had, to a great dsgraa, decayed to Np-239 and then 
to Pu-23B by the time of the analyse*. Kimura'a data era compared with the 
oaloulatad aativitlee for U-238 fission at D + 20 (85 days after detonation) and 
summarised in Table 2,4. The ratio* of the obeerved parcentagasto those 
calculated for the rare earth nuclides, Y-91 and Nb-B6, are greater than one. 
ft la clear that the percentage of fieelon produot Activity mleelng la greater than 
the 17.45 percent unaccounted for in dm aample analyses. To aheak the rsality 
of tha high yield for Nd-147 and the low yield for Op-141, the two lon-exchange 
elution curve* given by Kimura for the rnro earth nuolldea at D + 40 were 
integrated, giving the following percontagesi Y-01, 18-81 poronnti Pm-147, 

Nd-14,7, 8-18 peroenti Pr-143, 15-30 percent* and Co-141, Ce-144, Pr-144, 
so-80 percent, These values agree with the calculated percentages of Y-01, 

81 peroenti Nd-147,10 percent) Pr-143, 85 percents and Cf-141, Ce-144, 

Pr-144, 45 percent, at D.+ 40. Thus it was oonaluded that the ratios 0,83 and 
a.oo In Table 8.4, for Oe-141 and Nd-147 reepootlvely, do not Indicate n 
depletion or C*.141 and an enrichment of Nd* 147, 

Assuming that ths rare earth elemente, yttrium, alrconlum, and 
niobium are in the correct ratioe for U-S38 fission, their gross contribution to 
the activity may be used as a basis for estimating the relative depletion or 
enrichment of other fission-product nuclides, The data of Bolles and Ballou 11 
for U-285 fission product! (with adjustment to the fiealon yields of Table 2.9) 
were used to calculate ths percentage of activity at D + ?.S for U-239 fission with 
8-Mev neutron*. The indicated unfractionated nuolldea contribute 46.6 percent 
of the beta activity, wh»r#*e the nbssrvtd percentage wan 65,0 peronnti hence 
only 72 percent of die normal fleeion-produot mixture activity must have been 
present in the sample. The remaining 28 percent was then either with another 
group of particles of did not condense on any large fallout particles. 









Thu Ion exchange elution curve* reported by Klmura for a groan 
NHmpItt on n + UK) to 28 wore also Integrated and Adjusted to the percentages of 
the total activity lying under the curve at D + 81, The reaulta are given In 
Table 8,Q, along with the data front Table 8,4 for compart eon, In thia oaee, the 
obaerved percentage for the rare earth (yttrium, ulraontum, and niobium) 
nuclides la AM percent and the calculated fraction la 40,4 peroenti thle Indtoatea 
that, at D + 81, 60 percent of the total activity of the normal mixture was present 
in the sample, The percentages at the two times differ a little) they would, of 
oourse, be expected to change with time, 

The estimated fractionation numbers, r„(A), given in Table 8,0 for 
various nuclides In the fallout were compiled from the data of Tables 8,4 and 
8,6 and other sources si noted, In addition to the rare gai elements and their 
daughter product a, the Important elements In the fallout that were depleted 
Include Hu, Te, and I, Other elements undoubtedly were also fractionated but are 
not listed because they would not contribute significant amounts of activity at 
D + 81 and D + 80, The summed beta activity for the unfraottonated mixture 
of activities at D +, 88.if T.oixio* 1 disintegrations per second (d/s) per fission, 
Sines only 78 percent at this amount Is present tn the fallout sample, the 
equivalent beta activity at D + 86 is 0,49x10* 1 d/a per fission, 

Fu-230, with a 84,SilO-year half-life and formed from the decay of 
U-8B8 and Np-38D,hae a deoay rate (lA) value of l.llxlO 1 " atoms of Pu-889 psr 
d/si At D + 36, the reported ratio of the Pu-889 activity to the fission product 
activity is 0,Oxl<T (l , Ths product of these values gtvss 0,8 atoms Pu-839 per 
fission, This is sonentlally equal to ths number of U-8BB atoms formed at aero 
time. 

Ths ratio oflhs activity of the U-887 to ths fission products at 
D 4- 88 is glvsn as 80/80, For the 8,78-day half-life, 1A Is 8,48x10* atoms 
U-887 psr d/si hsnoa ths relative ospturs number, O, is 

0(887)* (80/IQ)xM8x 10* X 6,49x10“"/exp <«.l) 

* 0,18 atoms/fission 


Since ths alpha-counting technique and separation methods might 
result in low values of Pu-889 activity relative to the total, the yield of U-289 
for Pu-839) in the sample could well have been larger than 0.8 atoms per 
fission, For a broad energy band of neutrons centering at about a- Mev, the 
yield froma(n,y) reaction on U-238 could be as much as 8 tlmee the yield of 
the (n, 8n) resotlon, 
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Tilltli' I! ,11 


HI'MM AH V OK MHTIMATI'llt l' , HA( , TI()NAT|ON NUMItKHH 
I'OII iWTA-KMITTINfl NUDI.IDKH IN DOHA I, KAliUlUT 
l-IIOM NO, n KllMIHYU MAW AT 111 SI AND IH HU 





TnliU' a, II (I'sinHiiilcil) 


HI IM M A MY Ml ' 1 I'KI'IMATKI) KHAlTH'NATION NUMHI'IIIH 
R»H HMTA-FMITTINU NlldMDKH IN OOUAI, FAI.MIUT 
KHOM NO, FI I'TIKUHVU MAI1H AT final AND I)'Mil 



N(RH7 3,0 1,0 ' 1.0 

Pm “147 1.0 1.0 1(0 

Hm-lfll 1.0 1,0 1,0 

Bin-.1 fill 1.0 1,0 1,0 

1«u-l!W i,o i,n i,o 

l'iU-150 1,0 1,0 1,0 


Note 1) KsHmiftori " 

Nolo at MnUmnltnl fi’orn Ion oxohnnuti elution ponk 

nntlvlly piti’cianluKti nml from rlnln of Hoot Ion , 
B.H, Klvln« tho I’olaliyo fi'iintlorm oomlonmifl 
of innxH mimhom 11111,^1.111, 12D, nml 100 , onn- 
Hldoml to Iw In the ratio of l i l.n i M i a,a, 

Nolo irr From n plot of r7(ATvoripiiN llto hnlMlfo of 
I'liro-nnH jirooiirsoi'H, 









11 limy lie nnlod Ihnl, ill I) i all, (In* reliillvc aetlvll.v "I 1**1 linin’ 

N|i~a.'lll Is li.OrtsKr" It/M |«*r Ilium nf li aim |*I*IhIih'imI IuKIiiII.v, mill fur (1.7h illiy 
U-937 II In lUilxliV 11 iI/h pur lilnm nl TIiiih, even ill n ll In I yield 

ratio, (lie nativity of the Np-iiill) nl » f an would lie only 1/N nf (lie |! 1*1)7 nellvlty 
Anil would Ih' difficult to (lelui.il. Thu fiiuloi 1 nf n wmilil give n onpture iiumlmr, 
Cl(2lHl), vfllue nf 0.7lt nluniM pee fission, 

The second sol of unclassified data on the mllouhcmiuitl win ton t nf 
rndlouutlvo particles wns repo vied hy MnnlUn nnrl coworhcrs nl N IH)1 The 

sample panicles wore obinlnoil from dutonnUoiis nil coral islands at the Hnlwolnk 
Proving Grounds fn .1050. !n this ease, analyses are imwlo for only a few 
radionuclides! Mo-fil), 8 r-«(), Ba-140, and hlp-4'll). However, no Np-S!M) data 
nro reported, In udriHtnn, (ho gross activity nf the particles Ih measured by 
using % well-nryslid (WO) NitJ(Tl) scintillation counter and a A if high-pressure 
argon gas (at a prossu re of (100 pslg) gamin a Ionisation ohnmbor.* s 

Many of the pnrtiolos were weighed so that specific activities cpyld 
bo dotermined, and some data on gross samples worn obtained. The Mo-nn 
ractfonuolldo was utilised as the "fission" leader with the assumed yield of < 1.1 
poroonti this yield value te sufficiently close to the yield for the. MW iivjim ulrod 
rn^bTroTTI-Mjiilhnl no ndjUBiment of the ropnrlod values was required, Some 
of thc,dats are summarised In Table 8,7. The purtlele type designations "altered" 
and "(inaltered" used by the author* have been changed to 'Tused" particles and 
"Irregular" particles ns the first olnsslflontlon nf the particles ns the first 
oladfllfjloaUon of H 19 partinle typo since the thln-sootlon analyses showed that 
most m the Irregular particle* hnye boon calcined, 

- ■ — 1 Bcnmu so of "Hnalytteal requirements, only the more highly radio¬ 

active particles were used In.the reported analyses, This means that the results 
are Hpplloabld only to a description of the larger particles, However, even with 
this btssj the result* are useful In Illustrating the possible range In values of 
all the measured quantities. 

' The counting-rate mid Ion-dumint mensuromon Is were corrected to 
IWT0 hours before the appnroiil average Inn I gallon rates, WO-rates per fission, 

Ion eurrenl per fission, and the spenlfln Ion I gallon raid, were computed, The 
decay corrections for the WC measuremenls were nlilnhied fromijlio reported 
decay curves for the two types of pnrtleloHi tlw lonlgalbm rule decay oorreotlons 
were obi allied from unpublished data on particles from the same gel nf wimples, 

It Is quite likely ihaBmeh particle had H* own decay Tate, differing in some 
degree from-Other panicles of the same general type, Therefore, with a single 
lype nf decay curve, the eorreetlons In a emninmi lime am only approximate, 

The variability or lire ratio of the Ion eurrenl In I he WC omml-rnle 
of the set of particles Is the first Indication of a groNsdlfferencciiilhc relative 
abundances of the emitted gamma rayn of different energies, lienee of a 




















viii'lfiUim III |.|n< coiihI lliii'iil- radionuclides Although lh«< ml I oh i»I ilif Iwn 
nicmmni'mnnlH of (ho gross activity In the limed particles (In 1 ., spheres nr 
broken spheres) and tho Irregular imrllelos have values that average Hiisin 17 
ain/upm mill CIUkI0' ,t mn/opm, respectively, there nro overlapping values In 
•inch particle group, Perhaps If the number of particles nnnlyuml Inn I boon 
doubled, this ratio, uh n second purllcle»l,v|Ki classification or distinction 
liotwoon tho two groups, might l»* loss marked, In nny ontio, at 11+70 llu> activity 
on or In tho Irregular particles emitted more high-energy gnmmnrnyx limn tho 
imllvlty emitted by tho fused particles. 

Tho third typo of classification of tho two typo* of particles In the 
comparison count per minute (opm) per fission of the WC vulnos or the mn per 
flssleti ratios. Of tho two, Use Ion current per fission gives tho larger differen¬ 
tiation, since It Is a more sensitive measure of tlw total photon energy emitted 
from tho mixture. The unfraullonutttd fission-prod uot mixture from the thermal- 
neutron fission of U-antl gives nn Ion current of ilfMxKr 1 ** mn/flsslon* at H+70, 
This should bo within a few percent of tho Ion current pel 1 fission for the un- 
frfiatlonated fission products from n-Mov neutron fission of II-8IIH, The vnlue, 
no.OxHr 1 " mo/flsslon for the fused pnrt,teles Indicates that If Mn-l)l) is n good 
fission Indicator tho rolnllve nbundance of mnny other mud I ties in the so 
parlloles Is low, the value, 110,0x10'“' mn/risalnn for the Irregulnr particles 
Indicates that the relative abundance of the othor nuelliles Is high. The rant thru 
the two values do not have a mean value near HIUxlo"' B nia/flsslon must be due, 

III pnrt, to the presence of Inriuotid activities, 

!i 

Assuming that tho two typos of parlloles together oondunsed cssen- 
tlfllly all of the gnmmn-emltllng radionuclides that contribute aMI+70, and thnt 
all tlw QKufias lunlsn t lni* Is due io Np-aftO, the capture number, O f BIII M , for 
ll-ann can be estimated from 

i'tn (70)10. lx 10- *' • jS7.4xlO'“‘ n(iS10l « h(), Bxlfl" 1 " (3,8) 

whore i'ip<70) is the gross flsslon-priHlnct lonlsallon-rnla fractionation numbur 
nt 11 + 70 , whluh for the combination or both particle sets Is approximately equal 
to ones 27,'lxK) ;1| ls tholbn current at 11+70 per atom or tl-aiin at sere llmej 
and 5i),8xl0"' n mu pur fission,Is the geometric moan vnlue for the two types of 
particles, 


Helling ri P (70) equnLlo-onu gives O(»a0)er|u«H,o 0.7«, Hlniui the 
autlmrs Indicate (hal C(U!l!i) Is about the same for both |!t>rtlele types, iy„( 70) can 
be hack-compuled for each type. For the fused particles r t ,,(70) Is 0.2(1 nud for 
tho irregular jmnicies u Is a,«ia. The fission-product nuclides In the Irregular 
particles, therefore, emit about l).!t times moro gnmmn energy per flsalon 
(relative In Mn-t)!)) than the sphorlual panicles at 11+70, Whoa enleulnted 



pur unit. ftaslnn, the reported deeny curves of the two lypi'H of pnrllelen lend In 
approiteli nnoli 01 . 11 ( 11 * at iihout (1000 Imam niter I'lHHlon. At IIiohc Ilmen iiiohI. of 
thn IniYltiiiMuii In dun to /r iiikI Nh uueihlcH. lleiiec, Micho two etoinoutu eilllliot 
bn frnellnnntod with respnol to Mu-IMM and, further, nl. a limit (1000 lioui'H lifter 
fUnion there urn an (llfforouoom In the radiations omitted from the two lypen of 
pnrtlelos, 

Tho fourth comparison between l,ho spherical hud Irregular typos 
nf particles l» by their specific nativity. At lf+70, the Inn current per mllllgrnni 
(mg) of the fused pnrllcUin In about Iff Union larger than Hint, of the Irregular 
pnrtlcloB, in thin eicirnifientimif tho nn nip In net of Irrogulnr particles In given 
an additional arbitrary subolftsslfluntloa by selectloni tho pnrtleles with n vary 
low specific notlvlty nro sppnrntml autv The pnrticlcs bo selected for elimina¬ 
tion are of the type found In the thln-sootlon nnnlysuB where n smalt Active 
particle la observed to bo nttnehod to n larger Innotlvo oornl grain. It*Is nlse 
possible that, find moro pnrtloloB boon nnBlysnd, tho number distribution In 
(specific Activities could fuivc filled hi the Intermediate vnlucis to give n brondcr 
single dlBtrihutlon. 

Tho spec I fits Activity of tho fasod pnrtlnloii in term* (if flsBion« pur 
gram, based on yields, U about BA tlmes-tlmt of the Irrogulnr pnrtUilos. 

Since tho Ion current pul* Huston of tho two typos of particles becomes equal 
At about 0000 hours lifter flBHlon, the Ion ourront from tho fUBnd particles la, 
on the nvorngc, All times larger than that of tile Irrogulnr particles, 

In n boiibo, tho comparisons given should bo taken with no me 
roiervallon boonuso of tho smnll sampling, On the other hnntl, the large errors 
indicated by the sutmlnrc! rlovinfltins do not In themselves Influence tho validity 
of the canclUpdoAB from thodfttn. Those dovintlon* rather Imltonta tholmmrlth 
of the distributions In the rndlonetlve eontertl. of tho fallout particles or any 
other parnmetor of concern. Thai, tho single-particle data of this typo are 
very usofiil i they provide do tn lltnl Information on the likely nnturo of large- 
HAmple distributions, 

The I'rnetlonntlon mtmberH fur mn»s numbers HU ami 140, for inmo 
of the coral pnrtleles, are given in Tnblua.H. The valium given by Mnokln nnd 
eoworkors* 1 arts imrroci ted to correspond to tho yields from U-UIIH fission 
with R-Mev neutrons, The ortglnnl 11$ vnluos are defined by 

R nn flBHlon) 

m (ckintent of Mm A In flainple)/((dontQnt of Mass 99 In Sa mple) 
(Yield of Mans A In U-21S fission)/! Yield nf Man'll' 00 In U-23S ft anion) 

<«.») 
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Table 8 ,h 


SUMMARY OF FRACTIONATION NUMMilH* TOR MASS NUMRI5RB 
80 AND !40 IN CORAL FALLOUT P ARTICLES 


Parklote 

Desoriptlon 

OIC/t at H+70 
<mn/f)xlO" 

SO 

*90 

1.140 

R 09 

140/80 
n 09 /n 99 


A, Fuieci Particles 


wa 

18,8 

0,024 

0,019? 

0,629 

8 

48,8 

o.oia 

0,030 

2,90 

Y8 

28.2 

0,29 

- - 


Y8 

ae.e 

0.026 

0,026 

1.08 

S 

29.0 

0.0038? 

0.018? 

9,14 

YI 

32.8 

0.040 

0,14 

9,04 

Y8 

34,7 

0.023 



YI 

3S.0 

0,041 

0,14 

3,41 

WI 

98,8 

0,114 

0,32 

9,81 

WI 

40,7 

0,23 

- 


wa 

98. n 

0,040 

0,20 

8,00 

Geometrlo Mean 

0,090(2.180%) 

0,10(*180%) 



• »• 

Irregular Particles 


Wl 

54,0 

-- 1.81 \ ■ , v " !! 

0,82 

0,483 

WI 

76,7 

0,04 

1.8 

-fi.il 

WI 

88,0 

0,90 

- 


01 

93.1 

0,82 

2.7 

a, 89 1 

WI 

120 

1,0 

4.0 

4,DO 

WI 

120 

lr7 

2,0 

1,93 

I : 

142 

0,82 

0,89 

1.71 

WI 

203 

2,0 

9,0 

1,90 

CJI 

219 

2,3 

4,0 

1,74 

Geometric Mean » 

1,00(4.98%) 

9,10(*94%) 



' Rjj (U-838 Hillon) - 1,84kR®J (U-S30 fiSSleRL 
rJJ° (u-aas fin*ion) - utrJJ 0 <u-aais fiwion) 

? Quaitionablo valuee, not meet to aniuulnta mean#. 


01 














where the anntnnt mul yliddn nr« glvnn 1 h tormn nf nativity nl 11 given lima nr 
of numhar of atoms tit. worn time, or, In tormn of n count rule, from n onltbrntorl 
analytical procedure In which n foil nf IHJHfl 1 m bnmbnrded with thermal 
neutronM, Tho values (n the table show that, relative to mtiMM 1)1), mass at) w«« 
vary much depleted in the fused pnrtlotan and wn* enriched In Home of the 
irregular parttolss, For mans 140, the enrichments In tho Irregular particles 
were ae high as a factor of 4, 

The corrected fractionation numbers for the gross-fallout sample 
collected near the barge-sample particles are 0,001 for mass 80 and 0,12 for 
mass 140, These values indicate that must of the activity in the gross sample 
was from the fused (Spherical) particles. Because most of the reported data 
was obtained from large particles, it is not known whether the high fraotionetlon 
numbers are applicable to small irregular partiols* and henna to locations 
further away from ground sere, At least, in tho samples further from ground 
sero, the relative abundance of the fused particles was decreased, 

In the Irregular particles, the relative amounts of dr-80 end Ba-140 
were higher by factors of 31,0 and 31,0, respectively, than they ware In the fused 
particles, These ratios arc not oomparabls to the ratio of the 'tf* (70) values 
for tho two types of particles, since the latter refers to the relative ionisation 
rate at H+70 hours only, and, of oouris, the r<„ values ohange with time. The 
fractionation numbers for the irregular particles appear to decrease with 
partiole mass (or stse)i no comment can be mads on the dependence of the 
fractionation numbers on partiole mass for the fused particles because of tho 
small range (1,7 to 3,3 mg) of partiole slsss used, 

_Correlations of fractionation numbers for fallout f ro m relatively 

high-yield detonations on the surface of coral islands and oit; sea water are 
reported by Frettinvr • In the report, Freiling mentions the identification 
of the Induced actlvitios of Na-34, 8-39, Ca-4S, Br-88, U-387, U-340, and 
Np»BBB although no yields ars given, The presence of the last three nuclides 
suggests that much of the fission yield was du# to the ftssiol) of U-lfll, The 
correlations Indicate some relationship among the fractionation numbers 
namel y, thatu relatlve to the rsfraotory elements , the fractionation numbers 
of the voUtllrelements increase or decrease more or less as a group, This 
could be due to the rslotlve composition of ths gross samplpa with respect 
to the two types of partiolss, as suggested by the data of Mapkln for the coral 
fallout, It could also result from a time, concentration, end temperature 
dependence of the condensation process for each partiole or partiole group, 

Tho correlations, therefore snouid depend on weapon yield slid on type of environ¬ 
mental carrier material in forming ths particles. 1 



l | Teiliiig , « ireninumi in eorroluilng all 'hdu, ir«<npceihi' <d' 
yield or currier timiorliil• neglect* cITocIm, Thu iiicthodH iiI' lining Hv* 
hUIn of |he frnnllomilion number* lo a highly frnellonnled nui'lldo In (lie 
correlation* l* an artifact Id aprond mil. the ilnln on a graph Inti■ uhfoilunnlely, 

I,ho toehnl(|uu doe* not give reliable HlnllnUonl dale, Uouvorled Id friiolloitnllon 
number* relative to mim* number* HR or 111) and correclcd lo li-aiiw fl**lon 
yield*, llw flnln art' reproduced In Titbit* it.0■ The man* nmnlioi' IMI Im iihoiI hh 
the reference mioliiU'. Pot the nuio pie* In which the relative yield* of the 
othor rofnwlnry ulumontH (Zr, Go, II) nra appreciably different from unity■ 
Imlloatlng ponaiblo error In Iho data for mn«* numltor HD, one of Iht' other 
refractory clement* could Ik> the oboNCn roTorinwo, nuclide, 

With correction*, l,he-dala tndlonlo thnti 

1. Wllhln oapci'ImpHlnl esd’nr,,1110 ninha nuhilwi'H fin, nil, U4, 

Sill?, find a:m are preMont In tholr orlglmd rid In* In nil 
wimple*. 

a. only man* numher* with rare gn* element* in the ohnIn nro 

frnollonnlod in non Wit to i' fill lout, _ 

ft, per the Inrgc yield detonation on the nurfneo of deep non 
water, the ntnnn mimin'rn with rare gn* element* In Iho 
uhiiin ttro hot fi’iicUonXltHllo n nlHnlflonnt dngrtui, 

<1, The fmotlontilion hum horn Immnwo With (downwind) distance 
from nhot point nnd theruhm* must doorcase with the mono 
-- _ — purHolo-nlm'rnnd-- - 

ft, The mans numher lllg with llw nlnmnntn Sh, 8b, To, and I In 
the (loony ohiiln hn* frnollonntlcm number* In Iho oornl 
fallout that aro nearly «|unl lo thono for maun numlwr DO, 

Some Idon or whnt neeurred In l‘ht* fallout formation pronoun for rnann 
number* no, IMI, in?, ami WO can ho deduced fromJ.hr* curve* of Plpro S.lSt 
tlwno nhow iho fraotlon of each chain Hint could hnvu condcaaotr at,a given Time 
after flanlon with the oxoopllnn of the Indicated element*, Per the loan of 
rare ga** inomlwr* only, llw minimum fractionation mimhor* for the four nui** 
numlwr* are; fll), 0,1(1; 1)0, 0,fill; la?, 0,21; ami HO, o.flft. In thin treatment 
the frneUoUallon number* urnrelative lo tlw lntlt>|M'inlonl yield* of the chain, 
and not in another inn** chain yield! therefore value* largerjhim 1 are not 
|X)**lhlo, However, Ihene minima ernnur at different lime*;, therefore they do 
nol all oneur for a given group of pnrtlolo*, 



CALCULATED FRACTION OF MASS CHAINS 89, 90, 137, AND HO CONDENSED AS A FUNCTION 
OF TIMS AFTER FISSION WITH INDICATED NON-CONDENSINO ELEMENTS, 

(Sai»d an Qltmdtnmi'i Poitulute of Indapandant Ylaldi,) 





















II Iho Indnpniidniil ylfilfln Imm Olnndmiln'H |h>hIiiIiiI<> lot' ll-aii!, 

I'IhhIiiii nro miiHimiLhly iiiu<iii*fili' oMlIttmloH lor |,ho ylnldo from n nuelonr 
wouixm, Hum, for oondniiHiiUnn IIiiioh up lo III) Honolulu, II iippmim from Iho 
(Inin thii! only Iho nlkiilliio ntiiMIt monthora of the elinlim (Hr, Hit) nnd n 
IriMitlim of llin nlknll mtUiil olomouln (’*) lumdnnnnd lit thu oiiritl pnrMolpM 
lulling nmirwat to Khoi point. For thn oondniiMiiltnn of Him TnutUonn of ninth 
nlottiunt. ill liny Unto up lo HO anonml* nflor IlHHlon., Iho nurvon ludlonto flutl 
Iho I'rnntlonntinn mimlinr lor oiiihh nuntlHtr III) Nhould ho Inrgor Hum I'm 1 miiHH 
numlinr HH, nnd Uml lln vtiliio lor uuinh numhnr l>ld nltould Ito Inrgor fhutt for 
nttiHH numiioi' 11.17. 

Tho of foot nf innrnnMiug wnnpon yiolfl oil the oOhdfinKiftioh In lit 
oxtond iHtlh iho limn nnd tlmn-porlod ovnr which Iho onndonmitlnn nomira, 

HI lute Iho rnlo of dooroHHO of tho llrnlmll tnmpornliiro doorniiHo* no llin yiold 
liutronHOH, on the nvnriigo, thn rollout front Inrgor yiold wuiiponH, IhoroToro, 

In I ohs front,lonnlndlh miiHs numhor* Hit, no, nnd i>ll) nnd ovon pot'hnp* lit mniiH 
numhor mv, Tho maximum amount nf IVnotlonHtlmt of thono ntnx* mimhnr* 
rmiulift from condonuntlnnH ooourvlng hotwonn nlxHll 10 nnd at) Hnnund* nflor 
fin* I on. 

A plot of onluuluted r 0 (A)vnlunB for mni« ntmihorn Id), lU7j hnd NO, 
linmotl on Iho indopnntloni ylnld* of (ho ohnln momhnr* nnd tho cnmplnlo 
uonthmHtttkm of the nlhnll nnd nlhullne mirth nun lidos, nn n lunuUoh of tho r n (A) 
vttluus for mn«» mimhnr SO, Is shown In Figure U.lH. Tho Hhnpo of tho onrvoo 
MuggoHto poMlblo uorrnlntlons among thoTrnutloiintlon numhor*, tmprvolttIly 
If thn oondonontlnn period I* short, For tlniot longor limn dhoUt lift nnoomli 
nftnr flnnlon, tho ourvo* for ton** numhor* HO nnd HU roprnnmu tho (tnnrt for 
nonnnnclenHfltlon of only tho Vitro gnu OhHin momhorM. If thn nnndntutnlilou 
tnko* plntte over n rnlntlvoly ahort time Inlorvrtl, thn friuitionatlon numhor* 
nro rolfitml according to 

r„(A) * rjljjA) [r„(RH)]" (B.H) 

whom rfl(A) nnd n nro non*hint*i tho aontfUint n in tho Hlope of tho uurvo for n 
ghoiH poffpd or timu. 

Ttin ompIrluBl iiormlntlon imnntnnt* for Bt|, 8,1) nro glvtin lu 
Table Kill), it long with tho mono vnlunn of Ihn oondonnntlon Union tnhon from 
it plot uf rg(A) nnd n «» dorlvod from tho twngorit* to tho r^fA) ourvo* In 
Figure 8,-Ml, with fltno nftrrr ffir*loni r*(A) I* tho onoffiolrmi Inr (ho rthMnrvad 
(Intn Thn monn time* of onndnnmttlnn rnngo from nbmil an to no moooihIb 
n fto r flHHlon nnd ngroo rnn*nnuldy wall non* I do ring tho Monitor in tho dntn 
Morn praclMo dntn would pormlt null mn ting tho friiotloniitlonnl nondnnmitlnn 
of tho iilluill nwtnl olomont* nnd ovod porhnp* of Imllno In tho oiino nf niunx 



mniitu'i' I MV, Mnwi'vni', lilic enHiillw of Mil' i rt'iii.mtKi-l jvive it i tvl »l <■ viMiitw itl 

tlio Mm oh ill which lilii' iiruifUmjiml.lrin mmur I'oiT 


Till.' mmil ft-'imil't! (»r Ulvm lyfll 1 (M tlmlll uMM'I'lmUtlll >lln 'liho Hu Doll 
Mint the ri'imliiiniMlilciii immiliurK-fiil toe vwl,Miy)e •etoineii'l.iH vary In Horne iiwillwwi 
manner, ho Mini 41' •<•»»>«> I* ir>i«ut«l)i»miuli«uil ml) •M'liht"i i mlmw 

ri’iuifcltinitttidl tn » dltipruo iftnoMUodl % toe'«m#j'lciiiil tio.r»'t*itni(;ie»n*i. itMoiniiMnniimly, 
the mnlilwil t'fc|uii'n« ton I'rnoWnniuiiion imtftrn f»l' .ml town .np’-nwMMi 'ini'WiNtr 1 In 
imltllliloii 'to ifhp iin'nlyiHH -of. a irofemum cricAMp ibpfcww HI -wun >he 'iiiwli itiwi to 
•miilirn .tinumiyttm mi 'IIImi il^uciblomMiblcm .numnUuesir■entlhei'T’ • to 

ndlMJitltm, ii puT'Nnlim) .numrlMM* >«pf <mnp« >nw»ntto«vttft '(loii'irmkiiiiiwtis mw. i.iw( mepo<niiwil 
Primi whloh to nBid route 'the ipon.ilutuiy anrtw ipatotiifciuil tome iProwi ilMUonM,,, 

The -rthitrf In ifcracvtiunuibion iin lilnffllowt uemeems toe wdfitMiiw 

•til' nuilficJliimmri'tB in iMUmt) iFiwim Hltlleniie motUI mmliher illhiui vcinunl] ■nerfil 
tlutnnmMon*. tonoe toe mamwiilv pMlniui ilmwer ittwpTnitomiiii Whim 

tinlleiutn .entitle, Hhh olemoniis .mmiilemMeii! tttitti* #* HuBfifl jpiW’fcie'ltifi .'.it’hmM, far lllhe 
mime weapon ytrililiJhirvw n .fllliPli&nesnt 'eie»mpi)*TO»n, TheiroFtnee tithe inuitlKniiriMiWi 
mitKtMMB )}n illWoiito tfnlKIwit Mliiimlil -exhibit n dUilWei'tinU tontowiilrw nwlifi towi'niv 
Whim #hn:Un -eoniM sPnitHmi,, 


Qlho iHHii difi4ll«>iihM'rfi>l<iritll itm iI‘Mm 

-mom torn, it* wwW n*«fher innniifwwi'tff itriUtiuit^wci Pe imftPih^Tttiimi^iii•ttf iltmDtiini 
noWiintodl from toBt 'wenpww •tirtnntiuflfl nt tithe Kteruiln 'Tort tote ;iwvfl mhe 
iWtrtwetqU flawing 'CtowMHdli. The 'OdJiiiidMon'iitwhlhjid* ;nhni itowten* mostal l 
amjrtdlMflnlbisy., The towe wirtlfi utiedl a Mhfjvw) iuiwr • 

to •unKtp iiip in timliHto )n-yer <tff oertfamtoBtol *wJH, Whiiii wiedl :tooeiii* to' 'Ciiwvvwn 
npiHUUlen >tlhe gl'mindl, n 'twoencr mill tort tobe, parti, puto i('WlHlli ini l wjilihwiiH 


ipliivttu tatHw), 'li’ttyi , ami lumtoell ipniier,, The metre itglfcwfnito imeiiheilB mcmrtidi 
to l firiHeato3’BJ.th«t <n|9ton«0 Mtiil ciloieil iowtommwctftilily Huy mw -erf Tiito ;rt#MiiH iirndl... 
iWm)ni'<]*Viflfti!i '«n*l 'wiw *eto*tl tijrianm toe werttiher 'When mfflt -npem tog* Idteatf- 
urttowllMi. (COiDhpi were 'ileiDijneil to 'weHtofit n Unagie imttobw rwr iRnllil«»nt i«p|iilt«» 
•OTktilUy pd iiiuttnmBtiHuitDy, tor « rtieiM iutwe, m ipenneiil ihrmsyijeftoi 

ipeoimi I tlm*. Itill Mtliwi wm 'ilemtumidl ito itroUtotrt toe pnan4i<: ; l«* nlwert'ln- ftiiir 
111* wit % 'rtTftwtnR4hem toto HiUtem, Thu mnnllf Iws 'dlMeumiftaixfl ihtnrto w«wtonsilr 
jnt 'PtillilertTl immplBii nnl'leotedl 'by a 'vn/i'letfcy •«»!' ilihtue towthoile, 


. Bliuie •«moh mollhedl tom <i'lp 'wwn pHojitor 'iimWeeHilfin totta i wiUlh rttpeut 

-to too iitmiuntong totwaim r !pitpliRhily- ! nf»nPTa ! nw n Bitmipte- 

tonn 'the idhtrvol, ftowovDf, 'the Ihctvrtl lindl tithe tmiwieill dlmvioeti wii ve mimipkin 
tout nantiUnotl ttrnoh mniwfnH'liui) •dlilbnlu. Those snrmrilos mw w»l tHiniuH. cmecijtrt 
■lor uioi'tlvlii i»r.it:iul ; y«BS, min no )l •!« n'liv'iiiiiwly • l-rrii)win jufHI'c • -i.r> -SupiiTii'lir' 
oUtanliv the *ffiiiU#iwwPm*m>th«»fcMNtoiift)t4flil mittewml 'in n TemwiiniWk' ipi'Titidl wl' #n# 
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COMPARISON OF UimiOAL I^MCnMCATlDN-CDfMRLAriClN 
FARAMIGTFRS WWW TJJOtSK imtATKD POB OONDENflATION 
OF ALKALI ASm A3JUUNL EARTH BMMEMT* OF MASS 
CHAINS $9, m t mo 14-9, AT SPCCtFIFD. ' 

'TOffW AFTKR FISSION 



*. Tnmigmm*'; ' . ■ . 

Tba «R«te pan&8* as awttwwd p«tto<**ly, wars mttU 

m mnthm tertSwr Um£#M mind is BMuttwa putloMi alas, aUaUmm 
cadMMitSWtycaiiMsLaMi wwUmm. TImi mmIpm «in iIm HiwI 

MitotiN UtftMAittoM of Uw s^HmhiSlqr of Dm pmewtarv «m wall m huxim 
off!*** of ttws. 


Two mottod* ww wmmS to fetaMtfr «MI «•!■«* tb* ndWWlw 
partt«D*« imm tmma tawtiw* jurttel** nlsad witfc »U *»*t*ri«ls ; oa* 

was la SJfcdlwWte lb* vampi* ***& Mm, wCft * stfriiMi wmy , 

w*Mr or ftmai MtatiHsttoo «w«ii*r rnntll MM mMdtMdad fnwMoas ««M*toio* 
lbs Mifejftot!** "ortstlo* m&M b® vMwsd «w!2r wM*r • low-powor Mwooulsr 
wlepewops, The MaSAwatlw pmJc3* «r junto!** oodid lb** fc» idMttftnd tojr 
Mr dl#B»ota»* appMuraac* and ntanuaUr roowwxl aid *imNd for aMlvitir. 
» 














Th« MifowS melhad, Iwlter ter very amall f»nr» , Involved dis¬ 
tributing <he particles on the back* of photographic aheet Mm sprayed wllh 
liquid plastic. After allowing an appropriate exposure tt...*, the film wan devel¬ 
oped and fixed Ity brushing the developing and lining solutions on Ihe omulalon 
side of the film without disturbing the particle* on the reverse side. The 
radioactive pari Idee then ware located with a low*p«w#r binocular mieroseope 
by the dark areas of the exposed film, Both atrlppln* film and single-coated 
X-ray film were found aullable for this method. 

The thin sections of individual fallout partlolea were made by 
coating the particle* In plastic cylinder*, using paraffin ntolda. and bake-— ; 
hardened at «0T one end M the pyUbder was then ground down with a motor 
driven Iron wheel using carborundum abraelve until the center portion of the 
partioie was exposed The exposed aun'aoe me then pouahed on a fiui piste 
end cemented with Canada Balaam to a glaas mloroacope aUde. Then the other 
end of the cylinder wa* ground down until the thin Motion of partioie and plastic 
remaining wa* about 50 mlorone thlok. The thickness of the thin Motion was 
aeumatea Of owemng. with the petrographic microscope, the birefringence of 
grain* of quart* placed In the plastic along with the MJout particles. At the 
rwpdred thickness, the quart* shows a greyish-white or grey interference color. 

The distribution of the radioactivity wi thin th e thin Motion; ww» 
determined by radiograph leotalquM using Eastman MTE stripping flints. For 
this, the thin section was cemented with a gelatin-alum cement or taped to the 
back of the Mm during aaponuro. J 

The petrographic mioroeoopa with and without polarised light was 
used to give information on the crystal struoturo and. In some one#a, Uw chem¬ 
ical composition oft the partlolea. The oryeul structures were also Identified by 
JC-rny diffraction amity ale. j 

The site end tempo#Ulan of sm water fallout panicUe. was determined 
by use of e special range* film developed by Fartow* 1 which eerved both aa a ool- 
loctltv surface and aaalyttoai device. One of Its advaatagoa wan that the partlolea 
could be analysed m situ and involved no sample recovery problem* in order to 
keep (he Mm from being saturated with water drops, piece* of the Mm were 
usually tspoeed by u*e of a oyeUtg collector and each piece of flat aurfaoe was 
timesed acridity for a pre-art time; these collectors used a circular piece or 
Mm about JMn, in diameter. ! 

-Th* f*s§«u iilm fs^dstensias the sssssd s?f soluble ifebriffc 

present In a liquid particle was prepared by Impregnating one side of a oommsr- 
oiai gelatin-caWed Mm <auch as Eastman Type K=S0ki with rod silver ■ „ 

dichremate The film «r«a aver which the reaction occurs was sanity measured 
with * microscope Since the reaction area for a given fllm preparation was 
found to be prcjwniwiwn to tw wmHSt of soluble vhloffde j»reS«S‘ So a dr«P 
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of fallout, It was possible to doUirniinu a calibration curve for each film 
preparation and Uiua (o determine the amount of chloride In other drop*. The 
method wee useful In the determination of l to 10 * mloro*ram* (eg) of sodium 
chloride, 


The chloride-sensitive ratiant film w«« also useful In determining 
the water content of the dropa, The mtaaurament depends upon the presence 
of tome very email Insoluble particle#, suspended la the drop. Kaoh drop 
epreada over an area of tea film related ia Its volume god, ‘vhsn dry, the solid 
residues remaining {called an "artifeon forma an outline of the maximum 
•pread of the drop auoh aa that shown In figure 2.10. The film aan be will- 
b rated by suspend log some Insoluble solid particles in standard chloride 
solutions aspirating the mixture on the film. The ablcride-reaction are* 
determines the water oontentof the dropi the area of the artifact Is than 
measured, This technique measure* water volumes as small as 0.1 micro* 
mlcroliter (up* )• Comparative visual standards use aluminum oxide 
•y#pn«skffli prepared for estimating the amount of solids pvess&tla the resMus. 



lever*; properties of fallout particles oan be Inferrod from the Inter- 
aotione at the radi&ajements with biological systems auoh as the uptake of 
oerteta flea toe-produot elements by plants, and animals, Data on these biological 
reactions, the physical properttaa of the fallout parttolea, and ground distribu¬ 
tion of Um smaller fallout parUola* from nuclear detonation# (mainly from 
tower and bail ooo - supported test devices) have been summarised by Larson end 
Meal" and Nlnhlta, Romney, and Laraonf The be a to information awe derived 
from data auoh ae those repotted by Bellamy^* Rainey,*' and Lindberg.« 

(dee Refrreneee 8« and BP for a more complete bibliography of Workers con¬ 
tributing to the data ws theae subjects, | 

the phyetootaemloal properties of the fallout partlolea Inferred from 
these data that are of main interest hero are those that describe the fallout 
formation process with respect to the disposition of Individual radtosiemsats 
In the fallout pan teles for different conditions of detonation. Deli describing 
the contamination prooteeea art also very Important tn understanding the 
entire fallout process, Including the major factors that determine the fats of 
the rodieeiemenifl. Radloelcments which are condensed bn the aurfee# of 
fallout partlolea (i.e„ are not fused lit the interior* of the parttolea) are avail¬ 
able for uptake by plants and tnimala; thus information and data on uptake 
pwoeaeea eieo provide information about the fallout formation process and 
th* contamination process. 
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Tlirn* iii*«* llii'co mnlos'p/tlhs i>y whIHi a rfi(ll<Milcmiml rniTlml liy In I |«Ht( 
partlHrs In'MimcM ineorprmilod Inin tmlmnl lisauu, 0 ito Involves dissolution 
in waiiT, irunslcr in I lie root xnmi of plants, uptake through the root system to 
the plant lop*, and thonnn into the nnimnl that cat* any part of the plant, The 
almond path Involves iho ill root nssimllnllnn of the rndloelcmonl by th# plant 
leaven which are ihon onion liy an animal. Tho till ill path la the dlruui Intake, 
when onion I* tlw nnimnl, of (he fnllmil particles that remain on the surface of 
plan! leavoa or other part# oftho plant. 

In general, the dissolution process for tho incorporation or n rndlnele- 
mont Into tho ports of plnnta occurs In net anil (or nt muni slightly neldle) water 
systems, The possible exception to this process la rndloMlne, which, in sir, 
tends lo volatilise as mpldly an It la formed liy the (loony of tho tellurium 
imrent. In ih# vnnor atnle rndlolodloo nan ronet with nnv nen rty nrgnnir. 
njnierlnl, especially liy addition to unaaturated hydrocarbons such a* a leaf 
surface ordecayed orgnnle matt or. Thin behavior should dilute the radio- 
i'ptllm* ooneentrations In tin- plant# (relative to the other elements) and spreml 
it iiytramfer through ihe nlr. °L_ _ t 

,' - : ■ ■■ -.- ■ v 

Ity oontrnal, the dlaaolmion process for the uptake path Involving direct 
Intake Into an anlmnl thnt enta tho plant parts on which llm fallout pari Idles 
are deposited proceed* In neldle water systems ol the animal's digestive 
trad. I teen use tho «lomaoh fluid# are neldle, this rilrenl pntli should result In 
n maximum transfer or rndioclomonla from n fallout pa Hide (or group or 
particles) Into the body tissues of tho animal. 

Tltu gross fission-produel uptake fay rsdlshee from a subsurface 
dot email on nt tho Nevada Test Site, la found by Mishit*. Rcmrwv, and IneSan* 11 
To vary from 0.W3 to O.Wfi percent (based on beta nativity menauraments). 

These aullmra nlao report tho uptake fay rod clover grown In soil! eoSWmlnnted 
hy fallout from n SM-fool lower detonatloni the uptake varied from shout 0.001 
to 0,01 percent, In the latter ooie, the rod elovar uptake waa greater from the 
soil contaminated at the larger distance from ground aern tl.e,, where the 
smsllsr fallout particles landed), As might be oxp*rtod,t\_,,meunt of uptake 
wns found to be dependent on the plant spoeloa and the sell lype, _ _■ g. 

In the arena on and adjacent to the Nevada Test fllto, vegetation retained 
predominately panicles with dlamoiora leas than 44 microns, Aloe, the gross 
solubility of the fission produota ear rind ivy these pnrtlclea from tower»mounted 
dotOMtlona waa found to vary from n to .in percent in 0,1 normal MCI (0,1 normal 
IfCI la approximately the acidity of digestive fl uids).»»” On Mils basis, th- 
igUske ut snimnla foraging on clever whose lunveK wore (Hmlsmlnalcd ljy 
fallout, ss compared lo foraging on new clover grown on oontnmlnatad ground 
(Nevada Tost Site tower detonation), would range Trow about n,noo/l to aoiKi/i 
If th# clover covered 100 percent of the ground and the particles were <M microns 
or less In diameter, 
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Tlif vmIiiii ill Hu iiSfiilw uptake would vary with (tt) I he ll mi* nllrr 
dotoitfillrtiviiiul period uf exposure, (>»> the Ti'l«* hIkch, (*•) I he IruHloii of 
Hl'i'it onyernd liy foliage. nml (d) I hi* weniher <umit|l UtitH (iriwn I lln»; iltii'l i«h Hi*' 
period under I'liiiHlili'Hilliin. Tim rliiin Tin pnrllole relent ton by lolluge «t'«« 
discussed more hilly li* NeelInn !»,«. Although llm data apply only In n lower- 
type detonation, llm magnitude of llm relative uptake, even ns n maximum, 
suggests Hint the tllronf*>ii|itnkv path wihiIiI nlm> predominate for fallout from 
Inrufi-ylolil mirfmm ilnfimndiMiHi 

Thu major coni liixilinu riuliimlpnmhiB fimrtil in llm II finite uf ralibili and 
rodents tnkun from nrons nonr the Nevada Tent Nile on which smnll fallout 
particles deposited within llm firm itny nfior n teat detonation IncludeIodine, 
strontium, yttrium, rulimnlum, tmnliim, barium, nml cerium.*" Tim llssuc 
mincontrations increased with distance from shot point up to n maximum anil 
limn decreased again"* The maxlmum/tissue eonovntratlons generally ocmirml 
si Inontlcms whore the fnllout arrival Urns was nlmut li to !l hours after .IvUmallon, 
These flats Indicate thnl iho fraction nr the rndloelemont* on the exterior or llm 
particles available for uptake increased with decreasing pnniolo sum more 
rapidly than the lotnl amount of fnllout deposited decreased with i lip Winer, up to 
some distance. At farther distances. tho doorcase In lha deposit level pre¬ 
dominated. and the amount or iiptnko also decreased with downwind distance,— 

lludloludlnu was found to lm fit) to BO percent of llm nativity In the thyroid 
tissue af native rodents.*" - The radloulemenii found In the hone tissue of Jack 
rabbits at about 20 days after n lower ahot are listed In Table 2.11 In which 
a few of the data given by Larson nnd Neel*" have f»en converted to number or 
atoms sut,l approximate fusion equivalents taken up and dapnslted In the lxm> 
tissue. The relatively low uptake raetor of yllrlum, ruthenium, nnd cerium 
<la*l column of the Uhls) Is prubahly due to built a lower solubility In the rabbli 
fllpllIVi tract (especially If the r„ (A) values are assumed to be correct) and 
a lower retention or these elements In the bone tlaeiie of rabbits, 

The main point of the data Is that the lilted radloelements were dissolved 
fay the aaldia digestive traet fluids from small fallout particles that pais through 
the pi. Oiher radloelementi In fallout, but not listed, presumably were not ' 
dissolved In nppreoiable or significant amounts, The listed elements are those 
expected to be depleted In the larger fallout particles, and enriched In tlm 
smaller fallout particles, relative to the other refractory type fission product 
elements.- - 

The effects of detonation conditions on the properties of fallout can be 
tlluxi rated bv ouni pwrle mn between the drttn un fnlliiiil from iifillnnii -su pfMiried 
devices <l,o,, low air bursts) and lower-mounted dovlaes <l.e. , nenr-surfaco 
bursts), ,,i,B The lotnl nmmint of local fallout deposited, up to nlmut aon miles 
from ground sere nl llm Nevndn Test Bile, from lower delonntlohs. hns been 
observed to Im !10 fn over 100 limes tho nmounl observed for nlr Imrsls, Those 
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lower fallout depositions from tho air burst* refloat I,ho fnot Hint tha slaws of 
the fallout partlulus formed In tlm air burnt nru vury nmnll uomptmid to tliono 
formed in the lionr- aurfnnu buret. Kor uxamplu, In noma fallout samples from 
tower detonations, about 110 p« remit of tho sample activity In found on particle* 
with diameters less thnn 44 microns, and ns much an IBpuruunt on particles 
with dlametara lean than 8 micron*. In snmplea from a balloon-supported 
detonation, of similar yield and buret Knight, about 70 percent of the activity 
fa found on particles with diameters less than 44 mtorona, and is much ns 
Bfl pfirosnt on particles with diamelnrn less titan B microns. 

The averags fractionation numbers of some radionuollde* in fallout from 
some tower and balloon-supported detonations arc given In Table a.13, relative 
to the refractory Zr»t)B nuolldo and to the nines chain yields for thermal neutron 
fission of 11-388, The values wire derived from thotbrt* of Urson and Nc«r 
and presumably apply to partloloa with diameters less then about 100 or 300 
microns having moan diameters of about ftu microns, The veluss of the 
fractionation numbers for the fallout from the lower-mounted explosion# 
suggest that the Zr-08 condensed more completely than the other nuolidae 
on the larger partlolae, and that the nuclides Br-Bl), flr-lio and Ru-lOU(lOtl) 
did not oondenat oomplstsly an the partloie-eise groups in ino obsurvwl 
eamplea, The fraotlons of those three elements not condensed would then bo 
concentrated on the very small particles ondliarrled to much greater distance*! 
away. 

•• , • ' " •• ■ 3 '. - " ' .. • :• . ' • : , 

Tho same general statement applies ip the fractionation numbers for th,u * 
fallout from the balluan-eupported detonations, except that the mean diameters 
of the particles in tho samples must have been smaller and that tha Zr-liO is 
more depleted, Time there may be even a higher degree of separation between 
the very rafraolory end the volatile fission product ulaments In tho fallout particles 
from an air burst than In the near-surface burst fallout particles, Possible 
caused of this separation nro (1) a lower concentration of nvuliable liquid nr 
■olid iturfaoea in the sir-burst fireball, and (3) a corresponding delay, duo 
to lower vapor pressures, in the selective oondensatlon, 

Tho gross solubility data in terms of groan hotn count-rate muasuromunta 
of ths radlosullvlty In sumo groan fullout sumplcs tmtlur several dlffsrunt 
detonation conditions, from lliu data of Urson and Nool u ".nro given In Tnhln 
2,13, Although the time of inuaiorumuiil wits nut given, but Is presumed to be 
about 2 weeks or so after detonation, the gtmural magnitudes of tho fraction of 
the activity which was soluble dourly show that the nuclides in the fallout from 
ths air-bursi damnation wero th e mor n soluble, The higher solubility of tha 
activity In water, for tho u h- bit rat fallout, auggoals Hint many mors oftheflBalon- 
product radionuclides were oondonsad on the surlaces of the particle* 
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AViSHAGM PHAPTIONATION NUMHKKN OK HAIM*iNlTMIMW IN FALLOUT 
FROM TOWIOH AND nALliriON-NlIPPOHTl'il) ilKTONATIDNA AT Till'! 
NKVAnA TKHT SITE 



_ «__ 1 

Nuclide 

Tower 

Rnlloon 

Sr-80 

0 38 

_ i.B ; 

Sr-an 

n,nn 

... 

Y-BJ 

- ' 1,4 

.2,3 

7-r-BR 

1.0 

1.0 

Ru-108(108) 

_Ur. 140 ___.._ 

0i40 

3.8 

3.3 



06-14,1(144) 

1.4 

B.8 


==r —- . )) - • - . 

n, HiTirtlvo To tlie/ylelda for ihormnl neutron flealon of U-aoo, 

^ / \ . ■ ' " ^ : '*. 

. v / : •• Table a.in 

CMOS* SOLI mi LIT V OP ACTIVITY FROM SMALL FALLOUT PARTTCLTCB 





Particle Siae 

(micron* 

Type of Detonation 

■ng 


Undorground 


83 

0-44 

Tower-Mounted 


14 to an 

-jfl-44 ' . .. 



3 

44-oa 100 

Hallaon-Supported 


no 

0-44. 



00 

44 -Oft 100 


ni based on beta oounl*rale miniuremenli (presumably at about a wooki 
after detonation), 


than were condensed In (hie manner In t he tower datonatInn. The higher 
solubility of the activity in aaid, especially for- the sir burst fallout,,may be 
partially due to dissolution of the primary Iron oxide or alumlnn particles, 
However, the very high aolublltty in both water and add of the radioactivity 
on the larger partlolea from the nlr burst auggeate almost unhiploln surface 
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I'oiMlf'hStttlnn of tho iwllnnui'lhtcH <m llii'Hc Inrgor purl lolc* hi lnl«* Unto*, mIiioo 
h significant fraction ofiho»o imrilolo* were grain* uf null, of which *nmo Ivid 
booh molted. The Bithihlllly uflhc activity mi the particle* from Inn tower 
mounted riinntmtloiia, Oil flic other hand, deeronand with IneronNlng piirllelc alee, 
Fallout pnrtlnjnm with (Humeter* of 1*00 lo alum mlertmafrom low lower 
detonations often have negligible solubilities, In wafer or even lo strong «n|«J«.*» 

The gross solubility data on the'radioactivity from nmnit fallout particle* 
lodged on foliage after *omu tower detonations, a* taken from Hornneyand 1 
eowark»fJ,f* arc given In Tablp 8,14,- Hip aoHtblHty-wna iwa«#reri-by 
suspending 0,5 gm samples of dry plant rmiterlMl in 10 ml of 0,1 normal HOI 
After the samples have linen radlimsiRyod, The auapenslon wan then shaken for 
20 minutes, centrifuged for 1 (I.minute*, and the supernatant aohdlnn neparntod 
by filtration, 

Stnoo the data Jo mil Indicate n tibnalutont trend lit solubility with distance 
from ground aero, average* were calculator). The average fraction of Dljo 
activity dissolved w»a the aamo (24 perce nt) fo r the Apple ahota detonated on 
500-foot towerai It waa smaller (16 percent) fur the Met shot detonated on a 
400-foot tower, The xiata suggest that the particle alar retained;by the different 
plant# waa about the samei that fa, the type of foliage wan not a dominant faator 
In either tho grass aolublllty or biological uptake potential of the re.Wlnod 
fallout, 

? - . . . / . ; ; . "■ 



The rod t»tr I but! on of deposited fallout should depend on (J) the typo of 
aurtaoe on which the parttolm land, (2) tho alio of the particles, (il) the amount 
and frequency of rainfall, and (4) the surface wind condition*, The combined 
•toot ta often called ''wpthertsgV' an land of 

weather!tig processes are found to be rather imall.rven for the small fallout . 
parttolsa from which a larger fraction of the rndinnuelldei are soluble, After 
nlna yeara on undisturbed soil, fallout from the Trimly flhm (Now Mexico) waa 
still confined to the surface two Inches of soil, M 

Resurvey datn from the aurfaoe and underground shuts at (fporntion Jangle 
(Nevada Teat Site), afterexposureto winter winds, anow, and spring rnlna, 
Indicated no aigniftcanl change other than that due tn radinnetivo demy, 1 '® 
Radiation meaaurementi taken during operation Cnatlc (ISniwetok Proving 
Grounds) In 1854 on the I alan d a of acvc rn l nt olla (before and during honvy 
-ga fng -.. foii -a ey e»al months) show no decrease Ihat-couW not be nwmnU*\ fbr on- 
the baila of radioactive decay,* nunning"’ and happ 91 erroneously-attribute 
the rapid riooronsn In the gnmmts radiation* during the first year to n 






0IU1W NOLUniLITY OK ACTIVITY KltOM SMALL KALLOW 
PAHTICLKS LOROKD ON PLANT KOLIAuK. 


Plant Typo 

Distance From 
Ground Zero 
(mllrs) 


1. Bhot Apple I (14 KT an ISOO fl, ToWer) ! 

Artemisia (Sagebrush) 
Ephedra (Mormon ton built) 
Ephedra (Mormon tea bueb) 
Junipers (JUnlper) 

it 

40 

SO 

108 

AVI 

o.ao 

0,87 

0 . 1S 

0,88 

rflflui 0.84 

a. Bhot Met (80 KT on 400 ft. Tower) | 

Larrea (Creosote bush) 
Lotos (Creosote bush) 
Modioago (Alfalfa) 


Mm 

iHBHHHBHHM UfSR^WIFI IIMI .v JP.!W 

Trltleum (wheat) 

Trliloum (wheat) 

Tritiwm (wheat) 



40 

ion 

Ave 

0,17 

0,88 

rsaei 0,84 


• Based on beta oouni-rate meaeureffiinti, 





















weathering factor of 0,4 duu to the first heavy ruins III Iti 20 iIh.vm mM t>r I he flrsl 
detention, apparently |>y comparison with iin liiimproprlato Moony curve, This 
misinterpretation has also boon noted by Knapp'" In dismissions of this mill,lent. 

Experimental measurements reported by Miller and Hollwmeler 1 " on sol¬ 
uble radionuclide* deposited on soil* through which witter him passed gave mi 
average lunching depth, for 8r»89, of o,7H Inch niter passing 1)0 Indies of wider, 
and 1,1) Inoluin after passing >100 Inches of water, The movement of l-a-lllt la 
found to bo only n,8fj Inch after passage nr 000 Inoliwe of water, oven In sandy 
aotl. isiriuri and Ne*l :8 report penetrations up to o.fl ineh niter the pnssaite oi 
B4 Inches of wnten the source of the activity used 111 the experiments wits not 
specified, 

Theae data show that the soluble radlontielkisa, In almost all ensort, would 
be absorbed by the top Inch or two of soil partiolos and remain there unless the 
whole layer eroded away in heavy rains, nut oven in this case the mtolldoa would 
remain attached to the parUolen the fraction of the nuclide soluble lit water In 
such conditions would be noultffibly small, the studies of Thornthwalto, Mather, 
and Nakamura 4 ' show that many rain cycles would bn needed to transport the 
activity farther than about two Inches below the surfnee of the soil, Since moat 
of the radioactivity on the larger fallout particles would lw rused into the 
particles, the only way It could move Into tho soil te by mechanical mixing, as 
occurs In the plowing or discing of agflotiHurnl lands. 

The translocation of fallout particles on land areas by wind occurs to a 
small degros, The experience in the Nevada Tost Bite, (under dry conditions) 
whore excursions In ths fallout arts were made by experimental crows to 
re co ver fallout samples, was that, for entries during the fi rst day aft er a dotona- 
tlon, clothes became eontamlnatsd with small fallout particles due to the stir¬ 
ring up of surface duals and brushing against dsaet-l plants, but that, for entries 
after thu second day or ao, only the bottom parta of ahoea (or booties) ploked up 
fallout parilclei, Apparently the amall partloles become adsorbed or physically 
attached to larger partlolea, or olhsrwlie become mechanically trapped by the 
•urfaoe eol! grains, 

Movement of large particles by the wind Is usually small because the 
larger gravity force retards such movement, However, particles in Ihe else 
range of about lOO to BOO microns drift more easily than particles of other dla- 
mstera If the surface wind spaed la In oxceie of about 10 mph, These parti ales, 
if dislocated, may carry with them email attached fallout pnrtlcloa, Data from 
experiment! at Gamp Parka, California, reported by Hnrtor ami Oweni* 1 In 
whiah pert iuie?i with diameters from mu tn nuo muirnno (tagged with lin(l<a)-J4«) 
were deposited on various typos of surfaces showed that tho movement of the 
particles on unpaved areas and on tar and gravel roofs Is insignificant, even for 
wind speeds up to 80 mph. The movement of the partlolos on and from paved 



ttrefts Is found to be quite lnrpi tho particles apparently moved In the wind by 
hopping and by rolling over the smooth surfiuma, although very few pnrflolos 
were raised higher than fl ar 4 Inohos, They did not Jump over curbs but wore 
deposited along tho gutters and in depress ions and behind low obstmotlons. 


The fraction of the original lontoatlan rate remaining) as measurod In 
the aentsr of a street and In the osnter of a rather large area of asphaltic oon» 
arete, Is plotted In Figure 3,14 as a function of the total wind vector (including 
only winds In excess of 10 mph) that ooourred over a ton-day period, Further 
data of this kind on other particle sites are needed to establish whether tho ... 
data of Figure 8,14 are representative of the reductions that could occur 
generally In the Ionisation rate at locations of interest, The reduction in the 
Ionisation rate for both areas in the first four days (wind vector of 806 miles) 
was equivalent to a decontamination of about BO percent! some of this, of 
course, was due to shielding, since the particles concentrated in surface 
depressions and Alang barrtors. - • 


•ome of the data obtained at weapona 1 tests on the collection and 
retention of fallout particles by foliage are reported by Romney, Llndberg, 
Hawthorne, Byetrom, and Larion, 1 * 8 Their stated finding!, with respect to the 
ability of the outer surface of leavei to trap hnd retain fallout partlolea, 
were that the sIs#-rang# of partlolea lodged on the foliage was predominately 
leas than 100 mteroni In diameter and that the best correlations of the amount 
of aottvlty (beta count-rate) on the foliage was with the fraotlon of the total 
activity oarned by particles having diameters less then 44 microns that landed 
at the same location, These two findings auggeat that the foliage of most plants 
Is selective in trapping only the smaller Rises of fallout partlolea, Soma of the 

K ed data are given in Table 846, ,*» converted fi curie unite at H+ii to 
Aivalent number of fissions by me of the factor, "fl,AMO* fJestone/miero- 
ctiric,* B The median particle diameters ere taken from the plotted particle -alee 
distributions in Figure 8 TB,' 

- . . ■ - ■ 

It Is tntsrestlng that the median particle diameter Increased with fallout 
arrival time up to arrival times of 4 to fl hours after detonation, However, 
since the data are for different plant species, part of this Increase also may 
be due to lhe plant-spec lea selected for analysis, The spread of the distribu¬ 
tions, however, tend to decrease with time of fallout arrival or with decreasing 
particle stae of the arriving fallout, The upper-limit particle diameter o ut- off 
telSirly sharp at diameter*larger than he micron#, excepting for the bush- 
mallow foliage sample, The higher retention levels and larger particles on the 
buahmallow foliage le probable due to the high density of stellate hairs on the 
leaves which would serve to trap and hold particles onto the surface, 







INDUCTION IN THE IONIZATION RATS AT THE CENTER OP TOTH STREET AND AT THE 
CENTER OP THE PLAZA, CAMP PARKS, CALIPORNIAi AS A FUNCTION OP THE WIND 
VICTOR (sumof th* preduol. d( wind »p«d ■ tlma) FOR WINDS IN EXCESS OF 10 MPM OVER 
A IQ-DAY PERIOD, THE TAQQED PARTICLES WIRE ISO TO 300 MICRONS IN DIAMETER 
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Hum mi I hi* piitlnni Inn nl (In* liiilnu! I cum Apple II nIkiI iiml Htmilty hIkiI 
lower dnlimidlnns hy some incline props urn n'lvnil III Tallin 14, 1(1, Tim fruellons 
nf Ihe deposited falloui reinltmd hy mil plover (In I'IiiIh) luoreuwed wiih limn nl' 
Callout oi'l'lvnl from about o.r'percent lit 1 mtleH downwind from llm Apple II, 
shot in a hr m l I ppcmml at l Ufi m linn away. l''or wlinal, llm ITanllniiH coin I noil 
Increased from nhmil ()>U immonl. In alumni perconl nvuriTi' Hiimn riinpe In 
distance, Thu IdKhunt fctuillnn retained t nf llinMn dnln, was for a I fulfil follnflc 
at lini) mlloH away from wlml Smoky, The dlslTliHitlonx of llm nollvliy on llm 
fallout pa pilules UmLwomdeposited HI several of llm looullnns nun piolled In 
l |, l(«uro u. to. Tim values of llm median dlnnwtors dcrnreimi with limn of arrival 
an would Im expected Inil llm spread of llm various aollvlly-slxn distributions 
appears lo Im riWIffhly llm same, In losnrllhmlo units, In nil llm oollcolcd Sant- 
pins, 

Tim major opnoluslnn from llm data of llmnnoy and juoworkors Is that 
Urn fractional' llm deposited fnllmil collected and retained Liy foil into in cm hoc 
small oven when llm diameters of llm arrlvlnp pnclUilds itro rimII onmiph lo 
Im trapped by tlm hale# and resins on-MuHoaves, Thus larp Tree# and shrubs 
onnnot ho considered ns significant sources of radiation where heavy fnllmil 
deposits from innd surface detonations occur nnd where thfc particle diameters 
arc In excess of about 110 ndtirons._V___ * 

TlmriraTo no good data on the decontamination of fnllmil pacUulm from 
follnffs (noploatlnK data on tlm very fine material of world-wide fnllmil), Hem- 
ney nnd ciciworkers,' 11 ' however, do report dnln on tlu> deoonlamlnnllnn of fallout 
particles from folingoi llmsa onn be used to Indicate at least Iho tipper limit of 
n decontamination hy a heavy rain, The results of the experiments, using Urn 
ileaontanilnfttlon rmiaontx wttlur, o,l-normnl IIC1 and fi percent liDTArnro sum¬ 
marised la Table a.IT, The water decontamination data would Im most repre¬ 
sentative of the doooaiamlnailon that onuId result In a heavy rain, The desert 
foliage decontaminated generally id levels between about no and 40 percent of 
the Inlllnl depoall, However, Hie smnolh-teaf annual wae decontaminated to 
9 percent nnd growing wheal wan decontaminated in nhmil 31) poroeat of the Ini¬ 
tial level, The latter value should be represent nl I ve «f most grass^ypi) Mlnge, 

The fcillnae oomamlnnUondatn appear to show that nil the loaves on n 
plant retain alwut tlm same level of oonttimlnallnn on all the foliage, If exoep- 
llnns to this rather uniform dlstrlhutlon on plant foliage onn occur, Ihoy odnoolv^ 
ably would he mosi predominant in foliage growths suoh ns a very dense tall 
growth or grass, This Inlerprotallon of Umoonlnm I nation process at least agrees 
-heUer wiUv-UiB-tihsorviiliims than a-proeess-ln wliloh only rimeximadd nurl'niiei 
or the exterior or upper leaves are assumed lo ho the Only colkuiilng surl'nees, 

The use of tlm assumption of uniform mmiamlnntlon of nil tlm foliage on n plonl 
al lows correlation of tlm fallout'particle rolontlon dat a In terms or I ho mass of 
Ihcicullpatlng foliage on n plant, The correlation of the fallout retained per mill 










of tlvy plant (lonf) mnae with tho Intnl nmount »f fnllout deposited nl n location 
onn then bs used to evaluate the Interim I radiological hnenrd from the Intake of 
radionuclide* In the fallout retained on fallnge, To make the correlations, a 
foliage contamination factor, nr, la defined n* the ratio of the number of fla- 
ilona per gram of dry plant (foliage) In the number of flselans of total fallout 
par sq, ft, of sol! surface Tf the plant or foliage surface density 1* defined 
a* wr In grama of dry foliage per aq, ft, of aoll aurfnae, the fraction of the 
fallout retained by foliage is 


P '* » w (ft»atona/ft 8 on foliage) 
^ ^ {(Laalone/ft" on aoll) 


The denominator quantity, fissions/ft" on aoll la the total fa I lout dapnait 
—unoorraotecl fof r the amount on the foliage, The value of wj, la a measure of 
the denalty or plnnta growing on the land. The values of n L and a*, (for only 
particles with diameter* lose than 44 mlorona) reported by Homnoy and oo- 
werk«r* M are given in Table S, 18 for native desert-type foliage, The In¬ 
dependence of the yaluoe oM^fcon distance rrom ground aero la further 
evidence of the selectivity of the foliage In rotalnlhg only thtfamaller particles, 
The high values of for the fallout from Shota MetvDinbtoi nnd Hhnatn ooulri 
be due either to higher humidity conditions and early poet-«(hot plant collections 
or to the fact that the fallout rrom theoe detonaliona contained n fairly lerge 
fraction of the activity on particles with diameters betwseii 44 and 88 microns 
whloh were mahiefl by the foliage, . ' - - 

For general use, the value of a L i« a more (Important quantity than a*., 

The dependence of the valuee of at on several detonation parameters and fur- 
. thor analysis of the data preientscT In this aeotion are given In Chapter 8 in the 
form of fallout contour ratio scaling functions, In moat of the data of Table Bill 
the value* of a L Inoroaaa with dlitanoo frctn ground aero, 

It wai prevloualy mentionod that, for 100 percent retention or the fniiout 

on oloMr, the predominance of, the direct uptake path for animals eating bonr. 

tamlnated clover might be on the order of 01100 to 0000 times greater than |hnt 
of oatlng now clover on contaminated loll, However, for Tallage conditions 
where the value of nr la 1,OHIO* R nnd w. la 10, tho factor of predominance for 
the direct-uptake pntn I* reduced to the order of HIV to 00, Thue the direct- 
uptake path! at lenat for exposure times of abouta year, enn be OKpeeted to be 
the predominating source of nn Internal haanrd to animals and humane nfler a 
nuclear war In which Innd-eurfnoe explosions take place, 
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NUMMARY OP AVPBAftNI) POLIAGK! CONTAMINATION FAOTORN FOR 
NAfiVPl FOLIAGR HlXPOHMI) TO FALLOUT FROM TOWKR- AND 
BALLOON - MOUNT IS D DMTONATfON* AT TMF NFVADA TFflT RITI'l 















Tnbln SIMM (ooniilwifnl) 


Shot 

Distance from 
Ground Born 
(miles) 

i°® » Tj 

/flsslons/gm of\ . 

I dry plant \ 

1( H v 
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Chapter !! 

A THERMODYNAMIC MODEb OP FAUX)LIT FORMATION 


3 1 Tlvta Condon ration Proves* 

The essential features of the fallout, formation process deduced from the 
final structures, compositions, and (tenoral properties of fallout particles as 
described In Sections 2,8 and 2,4 nro that; 

1, Some portion of the radioactive elsment* condenses Into liquid 
particles. 

2, Some portion condenses onto the surfiiiie of-BolId purtloles : 

8. If a time limit Is plaosd on the process, some fraction of sumo of 

—the rfldloaollvs elements will b# still In the vapor phase. 

If van n\ the ohms where the bulk carrier is sea water, the first two 
statemsnts are valid for ths fallout from a. moderately high-yield detonation 
near ths ssa aurfsos.ulnoaths tsmparaturc of ths drops, at ths altitude of the 
cloud, will st soma tlma fall bslow fresBlng, ; 


The general condeneat,Ion process can bo divided Into two pnorai time 
periods, Ths first period of the process Is charnel s.mod by the prisoner of 
ifRs end liquid phases nnd the ascond period by the existence of gas and scltd 
phases.. The first period of condensation end* when ths bulk carrier particles 
soltdtiy. Thera is probably no real precise Instant at which this occurs *n the 
fireball since temperature gradients must certainly exist) the tHfl’iir«m*slacs 
of pnrttolei cool and solidify at different rates and tlmos. , k . 

Ons most important aspect of the condensation of thr radioactive fission 
products Into the liquid phsse Is that ths fission-product elomsnts nnd compounds 
are dissolved to form a very dilute solution, Because oTthls tinuflon, the 
solution proocss can be treotsd with neglect of (a)surface saturation effects and ’ 
(b) intersotldtls among tho various radioactive element* in the formation of the 
solution, 

In u glassy matrix, l.e,, after solidification, the dissolved or compounded 
fission produots should not be able to eatmpo, With concentrations of the order 
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of 10" 111 mol cm uf fission products pur mol« of gins#, the' vapor pressure would 
lie twtrormily low and the diffusion of the ulumunt* through the solid glus* would 
ho very alow. 

The fraction of each fission product that la oondanatd into the liquid 
cmrrler panicle* when they solidify will be determined by (a) the melting paint 
of the carrier and (b) the time after ftaaion at which the •olldlfioatlon occurs, 

If die melting point of the carrier 1* high, the fraction* that are condensed will 
ba smaller than those in carrier materia la having law melting palais. For »a*na 
of the larger particles, the fraction* that are condemned will be determined by 
the time at whioh solidification of the particle occur a, In the case where the 
carrier can eniet in the liquid state ever a relatively large temperature range, 
and the yield i« reasonably large so that fireball doe* not cool too rapidly, the 
larger particle* can not only enter but oan leave the fireball volume before the 
interior game cool to the temperature at which the particle# eellddiy, 

The fraction of each fission product that is not condensed into the liquid 
phaae of the carrier can still condense on or react with the surface of the solid 
particle*. The solid particle* available could consist of (a) the awaller of the 
melted particle# (since theae do not fall out of the cloud volume aa soon or as 
rapidly an the larger partiolea) or fta) at unmoltod particle# that enter the gas 
volume at labor time#. 

The beat, illustration of the latter type of particle l# the irregular particles 
found in the coral fallout. Because of thin high melting point of calcium oxide, 
the number of the more active (futio&rspherical) particles found wtt# usually, 
but not always, amnllor than the number ©1 irregular unmelted particles, Even 
though the fused particles had higher apeeifie aetltdties, they carried a fraction 
of tho total radlosotivity produced that was much smaller than the fraction 
oerrlsllby the Irregular unmelted particle!. 

The reverse wai true for the particles of the lower-melting siliratn 
gins bos. There 1* no doubt that, both unfused and sintered' grains of soil and 
the smaller fused spheres carried! 1 radioactivity on their eurfaoeai various 
amounts of activity fireleached from the samples of theae partlclei in water 
and dilute acids. However, in the presence of the larger fused spheres in heavy- 
fallout regions the trraplar soil grains contributed only a rather small fraction 
of the total radioactive content of the fallout deposit._■ 

In the second period of condensation, le., after.the partiolee solidify, the 

fission-product elements may condense by (a) sublimation on the surtacs of _ 

solid particles or (b.) they may ream directly with the carrier substance, in 
tbs onic of a morn or less open or porous crystal structure, the fission products 
could diffuse well Into the body of the particle, This process wa# evidenced by 
the Inyer of notlvlty in the Irregular coral pnrtlelei*,' 







The .prrvtnunlv mcntlniwrl vnijur-romlrnnatlnn i'intifjuwtvonH using simple 
kinetic (lit'(try, or tlm mure complies ted method uewi tiy Hlewart 1 , b«1h indlonlc* 
(hit rmiidensRtia«*vatttrlitiit1nn equilibrium run lie rritniilinhori within n frnellon 
of a ssnond at lempe rut, urea around pi 000"K. the finding of lh» small spheres 
confirms the nature ®i 1 hi a early direct vapor-cendenastlon, When equilibrium 
1b established the gaapous species of rich fission product element cen either 
<«| react with the vapor or liquid products of the bulk carrier, or (b| dis¬ 
solve Into the liquid phase according to Henry's taw of dilute solutions, Theae 
solutions of fission product element! or compound! in the liquid {tonne should 
be (t) sufficiently dilute to result in no change in the free energy of the liquid 
carrier, and (hi so dilute that the free energy of solution of each element is , 
inUwpendenl uf too ooneomraiion of ail other its*ion-product olomente. 



Bestow «f. gw eaSreme dilution of toe Assies product «!*mtmktor 
the fallout parttcloa, it i* possible to consider the gas -liquid phase condensation 
and toa solubility of each fusion product element pt toe earrior an an indmendont 
two-eemponant avatam. Moreover, there should fcs so appreciable surface 
loading <du* to large eeoeaa surface oonoentrattona during the condensation 
process) if toe Irmpfrature range over which the liquid carrier oxtail exceeds 
ato or »W"C5, Concentration gradienta in parUelss may occur, Howeveri par¬ 
took! that are not heated very much above the aofbenlng temperature and are 
not vary fluid, or larger parWclea that may not have (wen melted in toetr center 
by toe time toe surface temperature fails baww toe melting point, would each 
contain concentration gradienta when eoltdifted, 

two general typea of gea-liquid phase eondonaation processes may 
be oenaidered, One is Henry 1 a law of dilute aokiUodi toe other la compound 
fetmaHen with carrier mate rial, Henry 1 § law of dilute solution is given by 

Pi * (ivl* 

to Which M, is toe mole fraction of element | to toe ((quid phase, k, Is the 
Hanvy* lew constant, and p, is to* partial pressure of the gaaeoue sped*a of 
element . 1 , for a mixture of gases, 

pj * n?p _ <«ji 

In which is top. mote fmcib?n eftoe gasm«s sjseftos of element i to too 
vapor and P lobe total pressure. Combining Wq, 3,1 and 34 gtvea 

N," /Nj - kj/P (3,3| 






In fhe Ih<^rmrj<lyonmtrout mcnt, (ho dejJOfnlniH'o of k , nn I* will 1 m> 
assumed too m muII for nil olomonli*. Tho dopondcnen of k, on lompcrnliirc 

id described »iy U* n where kj' in n oonnlnnl nwl All, la given by 

AH, - t, 1 » I, |ll,-|) 

where If In tho relative partial motor Hut content of element J In the gae phase 
and Ej In It* relative partial molar heat content in the liquid phase. Pop nn irlonl 
Kin and -in ideal solution, AH, in the heat of yaBufSagllon ef the condensing 
spec lea of element j, 

It may b* noted from Eq, 8,9 that a deornan* In thn total pressure, 

P, result* in an inoraaae In the ratio, Nf/N, , or a rieorenoo In the mole friction 
of Urn minor constituent, J, in Urn liquid pha*« relative to Ha mole flection In tho 
gaa phane, Beoauee of thin, Nf/N, depends on the vapor pressures of the 
vnrioua major conelltuentn in the fireball, 

Per early time oomlenaatlonn (eirwoaldisBeffrwiWOIih^melHhf- 
tempemiure carrier and when the lemporetum la high and gnn volume not fully 
expanded) the total pressure ehould also be high, Tlie high prseaure would tend 
to decrease the value of Nf /N, . However, the high temperature would tend to 
Increase the value of N*/N, by the term C“AH,/RT since both Ihe preaaur* 
and temperature doc rente with time, the one should tend to oanoel or balance 
the effect of the other on producing changes In Nf/N, with time, although over 
a long period of time the effect of the temperature decrease will generally pre¬ 
vail In the cooling of the fireball. 

If the liquid soil particle* igye assumed lu be more or lees unlfermiy 
distributed throughout Uw fireball voluma, and the temperatura la also atauftwl 
u> be somewhat uniform, then fl the liquid portiola# may be oonaldered as a single 
liquid phase In contact with the gas at a given temperature and lime. Although 
a given pair of value* or P and T at a given time would be valid only ter some 
small Incromonl of the riraball volume, It la obviou* that theae eannot be glveni 
■ uniform or average value for the whole volume Is assumed In the trentnwnt, 

Without specifying the number or sine of particle*, the molo freatlnn 
of element J In the liquid phase In given by / 

Nj “hj/nlll | ( 8 . 0 ) 

whore n la the number of moles pf element j dissolved In n(l) moles or liquid 
carrier where n,<«n(f). The mote fraction of elepiom J in the vspor phase is 
given by. . .. 

N, # " rt|*/n (3.0) 


100 




where n |" Ih the number of molcH t»r ehmient .1 mixed with n nudes of vapor 
mill n. 

If tile poi'foat-ps luw Is iinsurnotl for all the krsouub h|hk>Io» oom- 
prlalng tho n mole* of gas, thou ICq. 3,0 can bo written ns 

N/' « n,°iVr/PV (3,7) 

Subitituting Eqs, 3,3 and 3,7 Into Eq,. 3,3 Rive* 

>■ n “ ■ (a,8> 

The ratio, nj # /n j-, in Kq, 3,8 dspend■ on the values el k,, T, and n(l) per unit 
volume In the fireball at the time, 

Because the mole tractions a re smal l, thovaiuc o r n f/n, is — 
independent of the total amount of the element present, Therefore the same 
fraction of an element should be condensed at a given time and temperature for 
a 100 percent fission weapon as for a " clean" thermonuclear weapon of the 
same total yield. The value of n(£)/V depends on the total yield and time after 
detonation, since the amount of carrier material liquefied depends on (a) how 
the total energy la utilised in the process and (b) the rate of the in-flow and 
spatial distribution of the carrier material pansing through the fireball volume, 

Compound formation of an element with tho oarrier in the gas phase, 
followed by condensation of the heavier gas molecule into a liquid solution with 
the melted oarrier material, oan also be described by use of Henry* a l»w for 
the dilute solution, However, when the compound is formed with the (bulk) 
liquid earner, then the free energy of formation of the compound and its heat 
of vaporiiation must be considered, The over-all reaction for a direct com¬ 
bination of fteaion product element A with oarrier materiel B to form the 
compound AB may be written aa fellow* i 

A(g) > Jfi)AB(4), dilute solution in B(J)", 

This reaction may be written as a sum of three or four separate 
reactions depending on whether die combination eM, and B occurs an A 
condenses or when n liLin tita vspor-iAasttjjrior to condensation, — - 


There should be no difference in the two processes with regardTO 
the total change in free energy between the same initial and final thermodynamic 


101 






• <B.») 


atntes, The difference, if any, would lx* In the kinetic* of the praoeei, in the 
flret prone**, the separate reaction* and the standard free-energy changes ,*rei 

1, A(g) ** Ml) 

AFf p RTfnp A 

3, Ml) + Btf)-AB(I) 

(3,10 

AFS • -RTfnK Ag 

where K A « la tho equilibrium eonetant for the formation of AB(I> from A(l) 
and B(i) at the temperature, T, the solution reaction !• 


8, AB(I} - ABU), dilute eolation i&JMf) 
AF|P « -RTIm AB 


(Bill | 


where a A « ii the thermodynamic activity of AB(l) in B(4) and ie equal to 
HABEAS ” n AH l* tha mole fraction and kAB i> the Henry' ■ law oonitant or 
activity coefficient, Theeum of the standard free-energy chang eefor the three 
reaction*, or the free energy of the over-all reaction, te 




(fl.H) 


In the eeoomi prooeee, the eaparate reaotlona and the etandard free- 
•nergy ohangee arei 

1- A(.g) + B(g) * AB(g) 


PAPB 


af? '* -RTin 
s(f) --»<*> 

ar ■■-**Tfn p a 

■' AB(g) - AB(I) j 

AF® - RTfrs p A |j - 

AB(i) - AB(f), dilute eolation in 0(1) 
AF® ■ -RTfnN AB k AB 


(3.13) 


(S,H) 
( 8,1 A). 


(3,16) 




(!ii 17} 


The Hum of llioslum lin'd free-energy cliiuweii tor llieso ft hip vcnollnn* Ih 


A I s '" 


The froc-energy given by Mqs, ,1,3a nml 11,,17 would be equiil 

If P//N*,, of Kq. ,1.3a Is equal to p^/N^« of Nq, ,1,17, op If K^j 4 l» 
unity. If tnp'fKirfwl-ffflM law In. uned to out I run to the number of moles of A, 
in tte ps volume from p^ in Kqn, 3J2 nr ,1,37 and If N^jj In rep! need by 
n^!|/n(JL) l the two equations become 




iiLyi 

«(#)/ y I 


'AF n f HT 

Tf" 




and 


-^ •: - ' „ Af'/RT ■■ 

1 ,,a *' 


respectively, Hepjlcing either ^ (ICq. 3,IR) or l( A j 30 A r ^ T 

<«q. B.I9) by klg reduced the two equations to the same form na Kq, ,1 i(l . The 
name computational irentmenl would tboreforo apply except Hint the nUuidnnl 
free-energy function*, when available , co uld be used to calculate the freetmeray 
onirip ftytiie compound tformatlon renrtlen n. 

Ttarflrsl compound-formation reaction described above did not 
include any reaction ijetwoen the atmospheric oxygen and the element A Ih the 
condensation process. of count!, even In the presence of oxygon many of the 
fission-product uxldoi are partially or completely dfaaoolatod In the vapor 
phase. for those that ire completely dtawclatwtiHnhu temperaturo* where tho 
carrier muter I* I exist# i«i liquid, the above roactionfs) Is applicable, Al#a ; 

If the oxides are completely as ioel«led } A<«) maybe taken to represent the 
oxide molecule, and 0,1(1 or 0,19 can be applied, However, for the elements 
in which the aside molecule la partially dissociated in the vapor state and ^ 
associatei further with oxygen In the condensed stale, the oxygen partial pres¬ 
sure will influence the relative amounts of the element in the liquid mid the gun 
phases, 


The overfall reaction for till* eahdehnnlion process is 


A(ff> + «0,<g> f 11(f) - AOgulMf), dilute solution in B(J!) 

In which x is die number of oxygen molecules dint combine WHK each mom of 
10.1 



olctnont A, Hrpnrntn rnnctliinx for thin over nil rcnofion cnn ho sH up In the 
mimo wny nn ubiivii, liul for thin over nil reaction In ho different from the oim 1 
above (or oompetlnit with It), the gas atoms n! A and On must lie In equilibrium 
with the oxide of eltijTienl A In the vapor alato. The oxide molecules then 
either (a) rose* with, B(gjt as they condense or (b) they reset with 19(B) In (he 
viper before the larger oxide molecules condense to form the dilute nolutlon. 

In the first of these two processes, (Hr separate renotlons nnd the stnndnrd 
freo-onargy ohangos arei 


I, : A(g> ♦ *G,(g) »• AO, t (g| 

(3,20) 

AF- n -BTfnp An /p A p^ 

3. AO„(g) - AO,,(f) 

(8.81) 

AF* » RTfn p A0 


■7 ■-■■AOjnrW' > BUT - AO„B(f) 

’ ——-. 


(0,88) 

■... ,-AF*_. -RTfn K aob 



where K* oa Is the equilibrium constant for the formation of Ao,, B(i) from 
the two liquid compound* it the temperature, T. 

4, AO,, B(f) - AO,, B(») dilute solution in fl«) 

AF* * RTfn N^ ow kAOH 

The sum of these reactions and their standard free-enargy change* 


<3,33) 


give 


AP> ' ; " ^AOIS k AOB K AOB 


In the eeoond 
energy changes arei 


(n,8<) 

the separata raaotlona and the atandard free. 


JL 


I. A(g) + aO,(jj) «. AO g ,(a) 

- -HTfn P AO f PA Pb 
3- A0,,(g)4B(g) -AO^It(g) 

AF" " -RTfn PaoI^PaoPIA 


(11,331 
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!'(') - IMb) 

AF* - -H.Tfn |>„ 


(Hi SI 7) 


*1. AOi/nidl - ao m h(») 


Air" *'nT»np A o h 

n, Ao # ,n(i) * Ao a ,n(i),rmmu solution in n(f) 
AFV , -RThvN Amv k Aai1 
The sum of the flvo standard freo-onrrfty (i'jinngoM Is 


AF° * R,Tfn yi'Ai f g.,,, 




(fl.StO) 


(ilrfiO) 


Kquniilonx fl.34 mul .1,80, whan solved for in by use of the perfoot-gns Inw, give 


n k « M a /&T 
Aoa k aob a cm 0 

In(f j/V| I1T p* 


(0.0D 


' AFV RT 


n AOB^AOH” 

A [n(0/v] in 1 p*j 


respectively, 


Tho values of u A In Kqs, 11,81 nml 8,89 nre sensitive to the oxygon 
pnrtlhl-pt'eisurc, If p 0 Is grentcr thnn 1 atmosphere, the value or in wilt bo 
deomied (most with largest xvnlue) and the amount of element A condensed 
is Increased,^rr |y } is loss thnn l ntmosphorc, the value of in will be Inoromorl 
-(most wlllv largest x value) nnt! tho amount of element A condensed trdeorettsed 
ffpfel" hicoriwrnted into tho U An n in the same wny ns was done for the 
factors of Rqs, fl.lB nml 8, to, then Idqs, (1,111 nnt! 11,08 can nlaa bo reduced to tho 
snmo form ns Idq. o.k for mntorinl Imtnnoo nml other uonornl siiinmnllon 
formulas, 


inn 




Krpiilllonx ll,ll lu I), lii! nre.perlmpH mure rlgoreuH In the deflnlllrm nf 
the oondcnnntlnn pmnoHH limn Him! given h.v Kq, !I.N which ilim,crlliim Hut prnecHU 
«»«I-V *" fV'iun »f Henry's Inw, In n rim I enne, Ihe enrrler iiinlnrliil In mil nn 
Inert nulwlaneo Imt. In enpnhle rif forming enmpniithls with ninny of the fluxion 
product flleineiUfi, Alan, Urn Hqn, ll.n lo D.fly will lm nppllnnhle hr oloimmla 
Hint remit wllli llm carrier In the xolld a in to for ihuac, the unlatlona only need 
lie chnngod from (K) In (nf In refer In I hr nnllrl ml her thnn the liquid Minin. 

He fora conaidot'lng Hie xononrt period of eondeuxntloii, the mnlerlnl- 
balnneo pquntloiiB (In termx of fl«Hion yields nnd frnalloimtloh numberx) for the 
first period of condensation nrojn’f.Hi>nled, Akhiwgh the form of r;q, ;i,n rar 
Henry' s law of dilute solution In used lu lhc irentmont, the final mnterbil 
hnlnnce equations would bci idontldal for the oampouiwl-fornrjtlcm proopssqx, 


n.i.a QM^Llmild Fhflaoi Mnterliil Hnlnneo ConntrnlntH nnd irmotlonnilt^n 


Slnoe thooondonaliig elements nro rncllenotlve, tho number of moles 
of each In oonstnnlly changing! therefore tho mntorlnl bn In non of n given element 
ntno change* with time, on-the other hnitd, tho flaelCn yield of n glvuii iiiiihh 
chain (except for neutron enl'ittera) In constant, If the amount of n radionuclide 
of olemont ,| and mnas number A praiiont at the time, t, nfter flxilon In given 
by Vj A (t )i then the total amomit of element J prosentnUime t In 

\— - V-fH) s t Q) n turns or mole's (fUJlf) 

The corresponding sum for the chain yield of mnnn number Ala — 7 

V A v l:j yj A m «tDffii or moUr* (04) 

In which Y a la eonatant except for the mrias elm Inn containing neutron emitters, 
The material balance for Hie arhounta element J In the gas nnd liquid phnwow la 

Y,(I) ■ n'j (t) f n,(l) // . ——(» r IIH> 

where llm tlmo dependence of n," and n, of m, 0,8 la ludlonled. 

—- . , If n,wl n JA nw' ttdiciivfor the amounts of enelv nuclide In the gnu 

and llqulel iihniea, rospeutivuly, the mntnrlnl bn Inner fur each element Is 

Ea Y|A (l) “ l\ "/a <'» *• T, a "ia (') W 
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If It" In tiNt'tl for It,/|(n(f)/V)H tJ , Niilmlllliilltui til itti, n.H in l'!i|. fi.ilfl givna 

SaV .f'SAV" 11,1,71 

nncl,alnuo (l + K*) i» tho multiplier for ouch ol' the n|/\<t> terms, the term* for 
each nuqltclo onn bo aopnrntud nut, The aapnrhted tor mu then glvo the amount 
of (inch nuollrituinndonaml, which la 


y ia<‘> 

n 1A (t) n-J— WM) 

1 1 H," 

The fraction of tho nm«N chnln thnt ia condonpcdi or the nbaoluto 
fractionation number <l,o,, referred la the riiaion yield rnlhnr thnn to nnothor 
nuolide), r„(A,t), forlho enrl ohnln-memb«r«, l» tliflnori by 


rjA.l)’- EpyU) (MB) 

substitution of rtf|. Il.ns and replnolng the Y, A (t)/Y A ratios by y, (A ,t) lit 
Kq. n.an give*, for the fractionation numberoYbnibh rniinn number, 


rjA.tf. (8.10) 

_■ r+kf ___ 

In which Vj (A,l> la the frnctlon of the chain yield of Somoni ] having mass 
number A, According to Bq, 8,40; the fraction of the chain that la condensed 
in the liquid phnao depends only on k 1 ) anti the fractions of the chnln yloltl of 
the elements prosont, The uae of thia equation, therefore, roqulroa values of 
the Independent yield* of onoh member element or ihe chnln nt times from a few 
seconds after fission, or nt leaat tor the time of the end of the flrat period of 
condensation thnt may be applicable to the first group of partltdes that leave 
tha fireball In the liquid state, __ . 

The experimental rmlloohemlont fractionation number for a given 
sample of fallout (or qunntlty of mixed Jlsslon products) Is usually defined as 
the ratio of the number of atoms of n given mass number that arc present to 
the number of atoms or mass number. 9f) that are present, divided by the 
expected vaiue of tho ratio for thormnl neutron flealon of ll-ildn, In mnthe- 
matloal notation, this la 


\K W (A) 


„ n(a) 
K,,<A) n (99) 


( 8 , 11 ) 
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Onllimrlly, count-rntu rulltn* urn tim'd, nlnng with the npproiirlnip 
dpuny ufiiM’PutlonH from the time of unit ly win to now lime, with n rorrcNpomllng 
vnluo of K n (A) thin hint boon previously clotornilnnd from im non lysis of it 
inmple of U-aim bombarded with Ihernml neutron*, For min lyses mndo morn 
then ■evernl flaye nfier fission, only the Inal, or Inst two member* of n (loony 
uhnln of most umm numbers will he present In npprnplflble amount, 

Since the obaorvod "H" fnotora give nn over-nil munaure of vari¬ 
ation from If -a nn thermal •‘neutron Hanlon, Another motor la nodded to Recount 
only for thnt pnrl of the variation Hint la due to thn flrat period of the aonrlen- 
entlon proems, For thla, let 


«... n(A> 

W ■ K1AM99I 


(11,48) 


In which K(A) la the true yield ratio,T a/Yj., of maaa number A to that or meee 
number DP, which vnriue with the kind of flaelonlng nuclide nnd Incident neutron 
spectrum (the a it me daflftitlon held* If Rome me** numbni' other then 09 la 
■elected na the reforoncc nuclide), 

The value of the ratio, n(A)/n(0O), should be the eemo ne the ratio 
of the sum over j of the rsapentlve ni^(t) term*. The fractionation number 
from the material balance equation* referred to n standard nuollde (In thla caaa 
-Hiafls numbsr-fiOJ bBOomea -- 


_._j M (A> -_|i 


y, (A, i)/< 1 + kl) 
y,(99,t,)/(l + lfj) 



(8=40) 


when K(A) la raplaoad with Ya/Yoo, It la poaalbla for r^A) to have vnluaa 
grantar than on* i the value* of r 0 (A) cannot be greater than one, 


In the aeoonc! period of condensation, tha fraction of each element 
not oontlenied from the gm phase (when the fireball temperature haa fallen 
below the melting point of tha carrier material) can begin plating out on”the 
lurfaoe of eolid parUoleB, The nvnllnble pari,Idea for till* period of oonden- 
aation can be the amaller aolldlfled pnrtlclee that; have not Bottled out of the 
radtoao tlve gee volume plus the unmelted aoll grnlna that ontored the flrehall 
—late nnn were not hnntorl to their melting tempemtUre, 

Although It Ift possible that n variety of gna-aolld atato reactions may 
occur for the different element!, depending on the physical nnd ohomloal prop¬ 
ortion of the carrier particles, only one simple nnd Irionllsetl prncoaa Is 
oomldoml here. Thle la thnt the fraction of onch element thnt In ooridoneod, up 





tn ho me Minted U me nn.iT I'ImhHih, Ih will toil In flint nlomnnt 1 H total Hiibllmiitloii 
ptinamiw. I''im*!!wt, II Ih iiHmmiod Mini. the enrrlor Hiirfni'O arts iih If It wore 
tho pure not Id compound of the opiidonxlHK HpooloH, Under thorn 1 ooiidltlniw, 
tho computational vnluen oftho amounts I'ondcnNwl rnflootn Ihn rolntlvo 
volatility of tho (assumed) oonnllluent gaswiun molecules at all tonipiirnlurn* 
fit which this Id ml of oomlonsnllon can occur. 

Ifnn oxoush of solid-surface nrca la presented to the condensing 
molecule*, tlio number of molecules condensed by tho process (n*gumlng tho 
process to bo reversible) nt imy time after Urn solidification of tho farrier Is 
d of I nod by 

»? • n* T _ “ ” ~ (It, 44 ) 

whoro nf Ir the amount pf element J condensed on tho mirfnea of the solid 
pfirtlflbe, nf Is the nmount nf this element remaining In tho gas phase when the 
enrrior particles solidified, nnd it" In the amount in the vnpor phase nt any 
lifter time. Heenuno of rad l one live decay, nil throe nmouiUadopeml on the 
time after fission. 


If the perfect-fin* law I* nssumnd for enoh itnneou* specie*, then 


. where V iji-ths pna volume containing tho if* mole s and p" ; I* tho onuillhrlutn 
■ubllmntlon proiauro which, In turn, Is given by 


In Which AT% Is the free sriergj^f sublimation, If uniform mixing In tho flrw- 
ball volume is asiumod forth® particles unil gnnouu* npoulon nt all times, then 
V l* the fireball (or cloud) volume, The tlme-dopcmlent material bn In non for 
element J I* ; 

: ■ Y,(t) - n,(t). ♦ iry(t) + nj(t) ^ (M7) 

where n., I* the number of moles condensed In ihe lltjuid phase. 

— Use of T'iq. fl.H for H 1 )7n0HP!fj7ifT'Tn for h]7 combined with I<it|. 0. 47, 
gives “ 

k n , Y. Vp? 

r m? ■ irr. • 


1ft!) 





r, for nil itniHH number* nl n given element, 


Hopn'Mtlng out the tcrma for onoh nudlido rnmiltH In 


JA " i ,|. it» ”rr‘ 

■\ In thin utiB« the partial pi'eanura oLowiluuielliJe la proportional to 
Iti nbundnnoo nt the time and l« given by 


TIli'.D'ntiUnnnUon iurmlTnr nrilu< t>iul«'i'liiilii member (if eno.li mnwH 
uluiln, or, the frnetlnn of the chain that la «ondonM«xl up to n given lime In Ihe 
second period of eondtinanHon, ri(A,l)i In defined by 

*■ "T$f E, lA< A '*> - < Ui11 


B O^yTW 

A 

whore v A In the fractional chain yiokJ In atoms pur flsBlnn, B li the rnllo of 
f|*ilon to lota! yield, nml w la the total yield in kilotonsi the total chain yield 
la 0,H41.y aI tW mnloa, , 

... |( : ■ | •• I 

In JJq, the Irt Vttluow are, na In I3t|. 1,40, evaluated lit the 
temperature of the etui of the hrat period of oondonantioiu this la tl lire rent I'l'dm 
the temperntum, T, In the aeoontl term, Tluia the frnellona of eneli element 
not pondensocl during the fleet period of-oondehsntlnn (given by the llrst term 
of Eq, 0.(18) muat bo doeay-oorroetecl to the time of Inter eat to determine y 1A ■ 
and Y, nppllenhle to Eg.. a,hi. . 

In naaumlng the oondenaatlon to bo Independent (if the nntnre of the 
pnrtlele aurfneo, and In neglecting ■olld«aoluUpn»enmpnunrl or fbrmntlon will) 
the carrier material, the oomponunla andcsquatlona lor eiieh element have in 
be reduced by one. Therefore the frantlonnl pfirtlnl -pi’cHHiireM become yield 



dependent, ns shown In Kq, :i,mi. The dependence of r,;(A,t> on weapon yield, 
however, will In' determined hy the vnrlntlun of V/W with yield, 

In swimhnry, the overall fallout pnrllolo fornuHlnn proems, from 
the above treatment, mny be deanrthed ns fellows, In the find period nf con¬ 
densation, when the liquid nnd gun phnsos prwlomlmile In the fi rebut I, the mere 
refractory elements nre HInvolved Into tlw liquid phase of the enrrler material, 
The larger fnlimit pnrllnlen, whlob full away from the flrebnll wbilothey n.re 
In Uta liquid state, will contain only those more refractory radionuclides, 

Those particles will land nearest to the point of detonation, 

Tho smaller partic le*, that stny with the rising flrobnll for n longer 
time, may condense out rndloelomenla during both periods of condensntion, 
These, as well ns the particles Hint enter the flrebnll late, should curry rndlo- 
elements thnt were condensed on their surfaces, Tho smsllesl of the pnrtleles 
would make up the world-wide fnllout or would he deposited nt Isrge distances 
from ground aero.* - 

The intermediate Use pnrtlelos, Hint deposit at Intermediate ills- 
-^HRNN from ground nerbr should contain rattibelemenls that were tondeiwsT 
during both periods of condensation, In fallout of a given particle alas in 
which s fraction of a rrmsa chain had condensed during the first period of 
nondtnsatlon and the remainder of the maaa chain during the aeoond period, 
the groai fractionation number of the fallout sample would be given by 

X<A) . *ft') jr 

In which aft') la the fraction of the element not carried out of Hie fireball by 
Inrgur particles prior to t', No alngle value of r (A> or »V(A) would apply 
T« nil ihe partlelea ainee the fraction condensed depends on the time (wrtod that 
cnoh particle ■punds in the gas volume, 


a ' 1 - 3 fl m - Unultl Phaio g^dPntiileti_-_-Psrtic lo-aise Mffccts 

In tfipdlsmiaflion of Uie condensation, prone sacs, some attention 
mual be given to the effect of pirtfeta also on the amount of the element 
condensed, The vnpar pre ss ure over the li q uid drops nan de p end on the n p>,n 
of thc drop, espeelnlly at the higher temporaturcia, The relationship between 


♦The world-wide fnllout from air, sen water, lower, mid HUflnco bursts also 
contalna vapor-condcnsed particles which have activity more or less uniformly 
distributed through their volumes, 






drop hIki< amt vapor prcHHiirc Im given tiy 


HTPnp/p,, lyM/fid (ll.ltll) 

In which |).| Ih the vapor proemim of tlm warrior malorlnl over' the lUpdil with 
ft flat nurfacci p Ih the preeaure over the <lp«p.-or diameter, di y In the mirfaec 
tennlon oft,he drop (ivaaumed Independent of t)i M Ih the mnlenulnr weight of 
the oarrteri ami p Ih the density of the liqukl. For A1 B 0# nt UOimi nnd 8|() H 
at IBOO-C, the value of y is <100 dynes/om ami .107 dynms/nm, respectively,;!" 

The value of the ratio, p/p„, lor thoNe value* of y ih nut very 
different from unity far particle# having diameters larger than a few tenths of 
n micron. Ilonoo, unless the carrier matertnl has n surface tenHlon that Ih 
larger than that of theee two oxide* liy more than two order* of magnitude, the 
Increased vapor pressure of the carrier miilerial over the larger drop* should 
not Im enough to Ihnueneo tln uondanantton proeeniH, 

— -lUhe surface tension of the earner material were oKtromoly Inrgu, 

the fliHion produot element* moet likely to l» preferentially condensed on the 
■mailer particle* are thoie element* who*o volntlittle* are the name a*, or 
lower than, thulof the earner Itaelf. Those would cu-uondonso with the 
volatilised carrier molecule* a* noon a* the temperature dropped to (ho 
carrier boiling point, alnce ol thlMime the vapor proaeure of (he carrier 
material should I* n significant fraction of the total proHMirn, At the molting 
point of the carrier, it* own vapor pre**ure would be *o email n fraction of 
Thi iotSTpreieure that n could not influence tno moie-rrnotion ratio oven jrihe - 
surface tension wore extremely large. 

r Thus the variation! with distance, or with particle nine, that arc 
found In the fraatlonatlon numbers in the data (eee Section* U,a and 8.4) muet 
aria* from two musts, The ftret eau*e ta the gradual shift, with downwind 
dletanne In the mixing of the melted with the irregular particle* or of the 
partloles present during both period! of condensation, The sedondlniise In 
the difference lit the period of lime that the dtffevoiilmised particles stay In the 
gne volume. 

For particles with n fairly large range Jiralao*, the mole I motion, 

N,, needs to l» prool*e|y defined (gee p, on), Carrier material* *uch a» slllcnlo 
■sill containing meilLLn xIde* a re refrnolorv mntorial* wi th idw hem ’ c onduct- 
anoe, Hut a particle need not i># completely melted throughout it* volume In 
order to condenie and dissolve gaseous molecule*! only a thin liquid layer on 
It* exterior la required for the process, Hcchuhc of It* low thermal conduu- 
llvtty, *omc mnximum-siso carrier particle or group of particle* should exist 
that molt* completely when expoead to a given thermal cycle, Thi* partial molting 
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nf llin liirun' iiitrlU'li'N Would limit lln< cntInn of Urn eemlciiHlun oteineulH 
nml of ill oho unlimited through ooIIIhIou with llio very munil lli|iilil iiiuM-Ii'Ii’m , 

Tim penotrnUon of the pondmoifttei* into llm lli|iilii iIimiji, nml the 
i'll to of distribution of those eondpnsntcm throughout (hr volume of the drop, 
wduld ho miH'o 1 'iiplil If emmoil by turhuleiu'e nml eonvenllon rrilher tliiin by 
nlmpln diffusion, espoe tally In punctrnllng or distributing through Ihe perl|(heriil 
regions of the lltjuld pnrtjplus, The general uniformity of the rndlonrtivr eon- 
contention In the nil lento rollout pnrlie!es--espwln!tji r from the low tower 
shots ««ln<llenlos Hint diffusion In not Urn controlling proeesH, The oondomunfos 
nro often found deposited more or loss io n given• tit>|iih from the Hiirfnee of the 
very largest pnrllelcs and Inn more or loss uniform otmeentruiioiL throughout 
the modUim-slno nml umnllor pnrtlolos, Although there nro no rfiitn fur verified- 
tlon, the more volatile element* mny form solution* in pnrtlolen with the 
Inrgor-surfeec oonoontrntlon oxnossnH by corulenHliig In rolntlvely Tnrgn 
n mounts Just ns tho particles nro sol Idlfying, 

If tho nvorngo depth of tho surfneo Inyer containing tho oondohwitos 
Is deslgnnted am h nnd In mummed to ho tlm snmo for nil pnrtlelos,then the 
number of moles of onrrlor per (spherical) imrllele Involved In fermlng the 
dilute solution is given by 

n(f,p) * 2 $ jd(d-2h) + (4/3)11*1 , d > 2h <!l.r,(» 

in wnuiot r ,pf is uio number nfinolen of the enrriiu; (tlrni m* molied) In the 
surface Inyer of tho partial# nnd (I la the pnrtlulo diameter, For dilute 
solutions, n j(p), tho number of mole* of element J hr the pnrtieU* la given by 

- R}(ji) * Nj ^J^ jdld-jh) + (4/i)h*j, tl > &h -- {0,11?) 

If n„(p) Is token ns tho total number of mules of tho onrrlor In the pnrtlele, 
then 

n,(p)/n 0 (p> ■ 6, 00 N l h^> l " a1 ^ d *,j}h (H.flH) 

\w . _ 


Mp)/Ml>) “ N, , d B 4h- (il.rill) 


tin 




The mole fraction in Mr|. ll.fif) In I'm 1 the pnrtlnlufl Mini had l»m<n 
iioinpli'iUily melii'il. The rtdidlvu unmirntriilinn of the hoIuIo, n j(|>)/ i\, (l*)Nj , 
heimiMCH proportional In I/d lor tl -iilti thin onimivenee would lie equivalent 
to the immlenmillnn of nnimmln ol' activity In proportion lo the mirfnue ureit of 
the particle, 

There lire two additional factors that could have notmi hanrlng on 
the relative nmmint of an element that condenses Into the liquid particles, I 1 'I ml, 
the larger particles mny fall out of the gaseous volume before they solidify and, 
second, they may he melted only oil one side (not sufficiently melted to form a 
spheric al p nrtlnla), flnth nf those two group* nf particles would eopdense 
smaller amounts of all elements per particle thati would be eaUmiUed from 
Rq, B.OS, "~ !l ' 

The origins of the melted particles In the fireball may he Severn I 
In number, Ths small vapor-condensed particles originating from vaporised 
soil havs been mentioned, Others are the particles that were originally lying 
on the ground ouHo some dlatanae from shot point, some of which probably arc 
warmed and perhaps malted by the heat absorbed from t'hu radiant energy 
emitted at detonation, Those partiolee are then drawn into the fireball ns 
it rises, ' - V- • • _ 

In low air burets, whore a very small orator Is formed, the latter 
mechanism probably la the dominant process by which particles enter the 
fireball, In this case the slaa distribution of tha fallout partiolee that are 

_produc ed s h ould be the s ame as the nrljf l n« 1 sl»fl dlst?lbution of dm aus fnnn snll . 

In the detonationi the blast wave would powdor the eurfaoa layer of sail to soma 
dspth and the resulting dust particles, like the surfaoe-moUed particles, would 
fstljntheir ilse In the formation proooss, However, these particles would 
not be melted until after they entered the ffrsbnU, t- /_- 

i«'or surface detonations, two other major msohnnisms may oaour 
that cause particles to sntar the fireball, Ons Is the "letting" of the soil where 
the blast or shook wavs hits tha soli surfaosi this should odour at very early , 
times after detonation, The soil grains In the Jets may be partially heated or, 
oven malted by absorption of energy from the blast wave and then vaporised as 
thsy penetrate Into the hot fireball pecs at high veloalty, Following this ejection 
of the aurfnae-layers of ijoil material, new exposad but thin layers of soil may 
be melted, It seems reasonable that such a liquid layer of soil would Intervene 
between the vapor In the fireball and the layer of shook-powdoreri earth na long 
as the fireball remained In contact with the eartlUB-surfacm- lf enough "fluxing" 
material (such as the carbonates) Is present, a rather largo amount of fluid 
material could be formad, The other major mechanism takes place as the fire¬ 
ball llftei the liquid !i broken up Into drops that enter the fireball, followed by 




the powdered Hull. The muuhnnlenl break-up of the Until man* should produce 
iilimit thu sumo *l*o iIIhI rlliutlon of pui'Mele* from nil IU|ul<tNHiitl. have iiluail Ihe 
same suiTaue tension, 

II,U 'jMlivPX.JirXKtllwJlj'iJXflJfDPifiJ'ji_lQ|jS^WjmtRUJ).Ylv111.Time After 

JMflMU.ilW 

A desorlpMvo mulliemnllml model of tho nrilmll~-giylng its sIko, temper*; 
aturc, rate of rise, onergy uontonl, timl other ohiimcItM'lnllow—Itt needed to 
specify the boundary condition* lor imp In Iho aomlonantlon equations, Hpuolil 
willy, tho mathematical description of the iirehnll Bhoulil be designed toyiwld 
estimates of tho quantity, n( #)/V> lit-iaddition to the other*, 

Tho dosorlptlvc models presented hero, although erude and much over-, 
simplified, are organised to bring together the major parameters that lire In¬ 
volved, H *houId be understood that Improvement* in the model oun ho made 
when more detail* of the bn*io dntn are deelftsislfied, 

Tho Imula reference data from 15NW used her* dual* mnlnly with the de¬ 
scription of Mr and/or tower detonations, To develop tho model proso nttid In 
this report lor the surfaeo detonation the pnmmuter* describing tho nlr burst , 
011*0 wore organised flml, Then the major dlfferohuo* and slmllnrlllo* In tho 
pnrnmctors, for tho two type* of detonation*, wore noted or assumed. from 
ihoae, now pnrnmeler vnliio* for tho Biirfiioo lwri*i oiiep witro o*tnlill*hod, Thu 
'-till’ burin flreliiill rnotlul I* Idehlteed for n detonation ni.eqfi level without nn nlr-j 
—noil iiufi'fnwp, Imit+Iio nuid'iiuw-jniriit-ftUiilol jjroneniuirnerwi tho thiorl'iuio is 
nddud, k 

(londonsnllon miction* ooeur during tho pooling of tho lirobiilli lliorufore 
t.hp highest temporaiuroobsorved In tho linnl pooling oui'vd ofthefireimll is used 
a* a rtjfei'enuu point In temperature and time, this reference point I* (he time 
of the second maximum In the observed (exterior) riraimll tomperftture, wlMi 
oeeur* Just after the blast wave break* nway from thte, fireball, At this point 
the energy of the shock wave Hus decreased to a level at which It Is no longer 
able to ultimo Iniutndegeunec of thpnlr molecule*, 

The descriptive mwUil* are developed neoordlng lo the following format i 

' - 1 1 At the starling refereiuui time, the I'rnelion of the released .energy 

Is specified fort 

n, The fireball 

b, The hlnsl wave 

a. Tho amount of energy lost by ihermnl radiation 


ns 




a. Thu nrlgltml mute ul the mnterliilH In Him IIitIiiiII is tnkrii mm 
I lii'lr Mtnniliiiil I hnrtiKMl.viiMiii!■> hIhIi> nl atlH"K nnrl I lit, 

II, Where nmlui'InlH urn lieuleii milTIulmHly lo uiuihh dlnsouluUiin, the 
energies urn nnloiiliitoil iih If ellHMocilittton nomirred til Ul)8"K und iih 
If tho (IlMminInliMl MltiniH hint been him foil iih Idon I gmius, 

d, Tho Iritewnl energy of I ho Kins (items In tlwi flrohnll In utilised or 
.. released during noullng hy 

li. Tho hontlng of'lnflnwlng nli* nnd/nr noil muter In I 

h, Tho oxpnndlnK of the KiiHenTiplwt tho ojttermil nliffo»|ihiin' 

(nt 1 iilmos) 

o, Tho mllntlng of energy Into the atmosphere 

_EL_ Tho snoo nri roforenoo point rot* establishing ft thermal balance Is 

taken nt the time nt which tho solidification temperature of the car¬ 
rier occurs. 

A more refined trentmo.nl woyjd consider those parameters for tho whole 
temperature range oyer whloh the liquid carrier material onn exist! Also, ex¬ 
cept for energy lost IIIrough radiation, Ionisation energies lire not eionsldpred, 

-T he-cl tstrllaitlon sf burst, aennjdi ngTo-ftNW, 

p.fl, i« in pcraonl for nuclear radiation, fllTporoent for tliormnl radiation (KNW 
oaoflxlannlly terms this tliormnl energy), nml no percent for bins! nml shook, The 
Ume or time period After the dellonntlon lit whloh thea* values apply Is not given, 
nor is energy nllolled far the processes enumerated above, Certainly the dis¬ 
tribution of the lota! enorgy among its various forms is time dependent, and 
eventually nil of the released onorgy docs become thormitl or hent energy. Hut 
for the purposes or the descriptive model used here, the Initial spetilfloiitlon of 
tho energy distribution Is required for the lime of the second termpenalure maxi¬ 
mum. Therefore, of tho energy distribution values given by 15NW, only the 11) 
percent for nutdonr rmllntlon Is nssumed to ho unavailable for use In other pro*, 
cesses, The remidnlng an percent, liion, In lo bo distributed among 

1, .The energy lost by riulinnue 

—U, The energy on it I oil l«\vt>ml the flrelmll perimeter liy-tlm-lrltistrwnvp 

.1, the energy content of the fireball, 


nu 




In making the eallmalcH of (.ho energy illHlrlhulbm among i I»oh«> three ifutiniII l«*H, 
(lata for llm ilO-KT nlr burnt from MNW Ih lined. Tim energy oonvoi'Hlnn I'liotnI* T 
1.1 lxlo" l nnln/KT (ualoi'len pur ktltt|.i>n), Ih adopted ho Unit n UO-KT yield In 
ixpilll In (in energy i’oUhimo of a.aaxlO 1 ® enlorlun. or till h| l.HDxlO 1 " ualoi'len 
Ih available for division Inin three parts, 

In dm following treatment II In nnniimad llml Urn nlr molomiloH In Urn blast 
wav© fin H loaves tlm fl retail (novo-nulwnnl nl lennl nn fast an tlm fireball ex- 
pnmlni they are nnt enveloped by the fireball prior in llm nromid temperature 
maximum, Rlnim ihonu mnlouulos absorb Homo or llm one ray In llm blast wave, 
t’nvcvIopmotvLof n guod fraolion of I hem would Inoronso the energy eonlenl »!' (he 
IIrefmII relative to (hat nnrrlnrl away by llm blast wave. 

The energy lonl from the fireball by rmllmum-prlimln llm lime pf the ape - 
ond lemporntiiro maximum In estimated Injun h fioruenl of the lolnl eneiw lflee 
below), Tor a 30-KT air burst, llm radiant energy lonl up Id thin time In limn 
l.Hxin 19 cialorluA. Thin loavus 1.7JxI« 1 * unInrUm for ImthTnemiillnn nf the 
fireball and (Hspcrsnl by. llm blast wave, 

The energy unrrlud away by the blast wavo a* llsopn rales from llm fire- 
ball nhoultl consist of 

Ot The Interna) energy onnlonl of llm air molooules expressed a* h 
temperature rise, 

tv Tho enmimVfinlnn enemy <1,©., llm dy nam ic pronnurti o f Ih n pul se), and 

c. The potential energy or work expressed In lormn of the outward vti“- 
lonlty of the wave, for a ao-KT yield weapon the nieasiirtul flrolmll 
temperature deureuse prior to llm ncuoml maximum (sue TN,)V t 
p. tin.) la taken to be tho tleemisu of the nlr lampornture within llm 
blast wnve Itself——- - 

The temperature mtrve In thin period or Urn©, expressed ns tin limtmnne In 
llm air leniperiUuro .from that of the amblentnlmosphoro ean lie represented bv 

AT-- < UHt" n,,,ii ' (fli(in) 


for t In Honolulu and T In »K, for an appimmt bronknwny lime (1,©,, Urn time llm 
blast wave In no longer liwnmlosoent) orouvnoeondH, ATTsJHOO"K, Fur this 
temperature rise, the change-in inlornhl energy, AK, lor air Is 10,WH) ealorleH 
pormoleimle, 



a« KT nlr burn! ciiii 


Thw poult over'prueeurpH I rum ENW, p, I (Hi), I'or n 
Im raproMnntcd In purl, by 

|i = ] i 20 m 1()!" i-"*' 31 , f - a.dalO 4 l.n Si llx.I(11,(1!) 

where r In the firebnll radius In tim and p In the ovor-proeeuru In pul, The 
variation of the fireball rtullua with timeup to thu breakaway (from ENW, p, (10) 
onn lie ropreaented l»y 

r a0 •1,911*1.0* i 0,37a , t * nr" l(.) 0, 018 (11.(18) 

for r In un i nntl i In eoconde, At 0,010 wacond r la I,04xl0‘ l um, nnd,_ 

extrapolating Eq, 0,01 io 1,04x10* cm, p le (180 pul (48 ntmoaplmrea) Tho 
tiorreaponcllng /slue of the peak dynamic prasauree le 1380 pel, which le equal 
to 8,19 oal/om a (1 pel ■ l,0B»a0‘* cal/om") For a temperature of 8100'K 
(1800%’), the miffibiar of molee of ga« ntome per om" at a preasuro of 48 
atmospheres, by use of the perfect gaa Igw, le IMxlO"' 1 , The energy absorbed 
by the gee due to the riempraaalon III then 0,1x10" onle/mole, 

The outward velocity of the blnat wave la obtained hy differentiating Bq, 
9,03 to give - - -- ~^ . 

v r - 1. BAxl on' 0, 6 * H (8.08) 

Using the groee kinetic energy, 1/8 mv?, tie n meueuro of the potential work of 
the wave in moving th e air moloculee outward, and converting thla menaure to 
number or moles onifThna to caloric unite, the energy oontont flft 0,015 eocond 

la 

q r * 8,28x10*11, (8,114) 

Where n, ia number of molee of air tn tho blnet wave nt the breakaway, Tho 
tatnl enorgy In ihe blnet wave la then approxlmatdly 

Q, » I noxlo*n ( + 0,91xl0*n« + 2, gBxIOV,, (8.08) 

- - - 4,28xl(l*n a 

Tho energy oontont of the flrubnll nt the .second maximum ehould bo equal 
10 the energy util I ned In ite formation. Thnt lit, It canelHte or 

a, The Internal energy for a temperature flic to BIIOO'K (for 80-KT, 
boo ENW, p, flO) ■' 




The (llniMMtliiUnn iif 11 nrirtiiln number nl' nil* molnouli 


(i, The work of eximiullng the guana to t*«* fireball volume 
lit thn xunnntl maximum 

Tho Hiorniotlynamli) rirat lay energy hnlnnon for thin process, assuming 
behavior of tho gases, I* 

Qb * |A1! 1( AffyWi,■+ P-Vb ; n s RT n (SMHI) 

In wltluh n„ In tho number of mule* of undlasoolnlefl Air molecules, n- in the 
number of molmrof dissociated atom*, A% Is the change in internal energy, 
Emily! - Rim, , pur mole of Mr molecules for the 1'lnitl mix ture ofgase*, 4% |.x 
the average dlsaoolAtlcm energy per mole of clln*ootnieel atom*, V# 1 * tho fireball 
volume in she Hocoriil maximum, n„KT 0 la n substitution for (P„V n where V,, la 
the original volume of the hunted air molecule*, T„ l* taken na aftlTK, and P„ 

I* tnkon n« I ntmuepherc 

fl'rom the curve given in BNW,,p_i_fln, lor 1ha:8ft*KT buret, tho fire ball 
radius at the second tomparature maximum at o,th second# Is 080 feet or 
1J0X1O 4 cm. I'he volume, V,., f* then 8.8|Jxip ,n urn" nntl hence H Afii li 
0,8x10" cals (1 onl ■ 41,88 cm-atmoa) 

Tho value* of A Atop, n u unci n' duponei upon the internal pi'eaaui'o 
Iwonuae thn dojrroo of (IlMioolatton of the oxygon nntl nitrogen are preeaure aenei 
live, For example, with pure nitrogen whore the dlaaeoiatlon mullah is defined 
by 

N,fg) - 8N(g) (av07> 

the ft'ttoilon of the N*(g) molecules dissociated la 


I 



where K p la the dlaaocuuion constant In torma ol' the partial pressure*, n„ (N«) 
la the total amount of nitrogen In terms of N y (g) nntl x la the amount of %(«) 
(liaaociAioci, 


tin 





Tho J'dtUllmiNhlp iM'lWtTR -thf fj’IHslInn Ilf thn IrtnIl't'llloH 111 

11 itiJKjstcci of khmph wii!l 1ht» Ifllwl prooswo In morn immiilli'Mfwl limn Mini 
lllvun liy JOq. 9.AT. Tho oiquiltliHiiwi iMrirllniHoH iMjiwi-tHtmim for-of r, unImr m 
otIicIwb of fi.HMii nf lV(n’) iwNTH.iifin of h*m« 


# *M W 

■ K N * Mo,,-*) 


(!) AM) 


ftHfil - 

«» ' 

fn WM<c?h !K,jg (vug) »ur*' the K. p for ndtretem unci «xyf*m, m*|MMfv>w3y4 * Ml y 
ttw i;h» respective! mourns dissecittfio^ ttndl J» f» 1!h* ^> 1 ? fMmttara. 

-P*e solution for x anf y 'P»h tee :tf*rspn JftsiSI -over winch of lihe 1«fnppirii)ipr«i 
r ROBB '«f 4ntomot frowi ftotpecrtfon -of tiwi lihorwii! data «n dteci two f §Mw *hnm dm 
T«Wle ;fl ,1. Tito vnfowrii <at amd K„ wows «Umfy froon iDm 4*1a 

of -K M, WnM-oy* immA itulil itnel flnW Oomwirton from «he ih*Bi BBfftwrt '(IrIih 
wo* made uolnR the rrUttiwn 

-' -ay ■ »<MT>m _ w wm : - 


ilHto JliMowfttufosi -ocmnstuni vUIttoa fndfouiie Item. OK&fon t* ad worn oomijslwfl-oiy 
4 lsaaetfwt«ri «t 'WOOflhK m«i .above for prcaMroe.tttp la M siwoRplhoire, Afeo, wl 
^npeinvtirM taflw worn, infltwistti fa iStMDefatai ta a wfAMa 
r«r fihaee i wo HeinnporiWiwrci rangea fllqa, ft ,«8 and KvA* ««nt tec Mflvwf fa fly* 

i .jfcKK*. t M .. .. * : 

■ x/t» b '('N # i> f !i 4 W* 7 *Jj * ft. I'Oj.T * MMM«K 


until 

yVM<W * - a/ »1[ , t V 4#M'K'<»,W 



Approxlmnli' Hnlutbinn for III* 1 leiiij#i‘iditr«' rangi* 4(100 in (lOOirK and lor 
cii ni’N where oilier kiimon bmlilm nitrogen mid oxygen lire iirmcnt lire 

h T k N 
HP 

nmi 


Ilf 

■ v 

where ii t In the total number of mole* of gna present These equations mil lie 
solved by a mo rim of Approximations. The change In energy content (Including 
dissociation energy ami number of malm of gu« In heating Air ns Aft him! gas) 
from (lie above equation* are given In Tahir 3,2) the KipKap value* are to lie 
hlmiuneil wldl AKj-tt ARp of |$q, 8.on, The fraction* of iS nitrogen Ami 
okygen molecule* dlrttwlalwl a* a function of temperature and prcscure art* 
shown (n Figure* .1,1 and 3.8, 

At (he tempera lure uf Uk »«ml maximumof the 20-KT ftrehflll, «3flO’K, 
Min curve* ihw, a* previously staled, that the oxygen molecule* aro 100 
peraent dissociated at pressure* up to 30 atmospheres or grantor. However, 
the nitrogen molecules arc noli at 20 atmosphere*, let* than 80 percent nro 
ilianat iau*:, And, since the di«*<* muon energy l« large, compared to the 
C*dT contributions, an estimate of the Internal fan pressure (at the second 
maximum! Is needed to obtain « resaonsblc value of die total change In energy. 

«nce (he fireball volume and temperature at the iraand maximum ara 
•pacified* the ratio of the number «f moles of gad to the pressure, by assuming 

die perfect gas law. Is. . __ 


o T/ r * 4, IS*id* (8,78! 


/ 


S *T K N 


“V 
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THERMAL PR0PEH1TES OF NITROGEN AND OXYGEN AS IDEAL GAMES 


m 

Hfl 

IB 

H 

0(1) 

DiasootaUcm 

Donitant, K t * 


■ "ttti 

89! 

0 

0 

0 

0 

« 

i „ 

BOD 

1,001 

608 

1,069 

787 

- 

m 

1,COO 

3,784 

2,082 

4,032 

a,lao 

- - 

- 

i,S73 

7,808— 

4,101 

3,480 

4,178 

- 

- 

8,000 

10,050 

5,055 

10,780 

8,168 

7,04*10"*° 

4,40x10“*' 

a,aoo 

18,880 

0,60! 

14,860 

6,062 

8.88x10 l < 

a.oTxio^ 

8,000 

10,800 

1,068 

18,070 

8,188 

1,88x10' i0 

1,11x10"“ 

4,000 

28.780 

11,100 

28,860 

11,880 

8.10x10 ■* 

8.17 

8,000 

80,810 

14,000 

88,910 

14,880 

1.09x10 ** 

4.18x10* 

0,000 

87,880 

18,440 

42,060 

17,060 

0.88x10 

8,64x10* 

7,000 

44,980 

32,§10 

80,880 

III,040 

0.870 

1,71X10' 

8,000 

SI,880 

27,880 

88,880 

94,000 

1.47 

SJSxlO" 

9,000 

88,980 

88,840 

87,450 

86,000 

4.78X10* 

1.94x10* 

10,000 

8?,880 

37,180 

76,570 

31,840 

1,18x10 3 

8.11x10' 


ft, Tar ?«*vU*r.s Nb usad™sre 118,840 

oal/meJe for the boat of formation of N(g) and 88,186 cal/mole foie the boat of 
formation of CXg), Tho valuoo of AE, . of formation aro 118,086 etl/mole of 
N(g) and 60,860 oal/mole of 0(g), 


Tho othor facia loom apparent. Flr ot, tho ffroball ia Mill expanding al 
tho oooond maximumt thorofcre, the Internal proaavro mual bo greater than 1 
atmoophoro, leoond, the bleat wave aeparated at a praacuro of around 40 
rtffloapherei at 0,016 aeoondHherefoM^he Internal preaaura of the fireball 
muot be leaa than this and would, have doomaed oonniderably, by both cooling 
and amending, up to O.LS aaoond, For example, the gaa volume at the break¬ 
away, from , ia 4.7x3.um J t thua th* firoboii voiumo inoreaaed by a 
factor of B between 0,015 and 0.15 aeoond no that, on volume expanalon alone, 
the preaaura would have deorened from 48 to 0 atmoepherea. 


iai 







The* viilur'H of the ratio qf Hie* Will nmtilinr nl'giiM moloculnH (iihwdcIhIciI 
plus (IImnooIiiIkiI ulr maiouuioH) to I,ho numltor of original (iiHMooliitod,) 41m 
inoleuuion, n„ /n„, for hauling nlr ( 0 ,HN, 4 (»,»(>.,) from lids to and ihn 

energy (ihnnifo por molooglo of the original air molecules along with Iho 
oompnliblo viiIiiph of P 11 ml n*|* from Kg. H ,7 ft urn shown in in Wo ft.lt, 

The total energy roqulfodfer boating and (iUiaoelutlng iho nlr, n M fl^T-lCailft) 
for ouch value of I 1 allows that all the HvnlkWe Bnnrgy for Ixdh iho blast wave 
and the fireball would he ratfufred if the internal pressure were na much no !U» 
Hlmoaphorex, in ihis.opiso., the origins! volume of ilio air, ncicemliuft l« the 
perfect law:, would !x» whoui a .flu 1 ft*' nnf Vn r alwitt h alf the volume mmiusod 
by the blunt wave nl the lime of breakaway ,7x1ft 4u uiii'). Mine* It Iceron 
reasonable to ns mu me that tlw original nlr molouulaa at a given local ion would 
not bo subject to forces tending to move them sway from the Center of the 
explosion prior to the arrlvsi of Uw blast wave, a reasonably good osiimntr 
of the origins! nir molecules jnvdvod in berth the formation of the firehuli ami 
in the Mint wave packet la thflt they are them* endowed within the volume «f ihn 
latter at breakaway. The porfe-ct gaa law oalimate, for nir at 8flfl*K and 1 
atmoephoro (V * 4.7x1#“ erh'*), gives the number of nlr molecules lor w lf the 
number of air molecules in the blast wave, and the nurolwr of air molecules 

In the fireball, io bo _ 

; .... . , ■ - || ■ ■ _ 

n, + n., *1,92x10" iilM) 

T'us calculator! values-sf-s:,. ore shewn in the last «•!««!« of Tnble li.fl. A n h»l of 
r\ v nnd n„ against Iho compatible value* of l» give an Jntomtpi at n„ •« 4,117x1^ 
molea of alr anTl P-* l,(Hi ntmospheros, At thin pressure, K^h^gii* 
ual/mole of nir molecules, so IhMt the energy' nbsorlwttl liy thr Mr lor the 
afl-KT yield lirehnH la 1 i fllxW JS calories Hence, ia I.ORxVti^ flHorlc w 
oiMhjwiropnt of ihe totnJ energy rand t?i ix fl.lWxl# oslarjc* or US prni'irnl m 
ilm total energy. 

Tho ylel0 T pphnflmiit funotimw facnling relntionihlpi) for the flrebMl 
toinpewture, radius, ami other parameter* pan be derived, from the i nfo rmation 
given in KNW, pp, «*• fltt and In the treatment herosome adjustment 

la made In obtain consistency among Ihe various functions, 

flic thor-mnl power of the firelwll, ftpeuHiibgJjlttck-liody conditions, is 
given by 

1 J *■ I. T lxHl"" T" «“ (a,77) 


for P In calorlm per second, T In 1 K, nnd 11, the fireball radius, In cm. The 



Tni)ii< it.w 


THK CIIANOK IN KNKIH1Y CONTENT AND NUMhKH OK MW.Iffl OF II AH 
IN liHATINO I HOLROF AIR AH AN MEAT, HAS FROM 20H"K ANI1 1 
ATMOSPHERIC PRESSURE TO T'K AT PRESSURES OF I TO 20 
ATMOSPHERES 


1, < K x“ K a n«^ «*»■* 


■ 


Total FroNNuro, AUnoaplioros 


T*K 

1 " 

2 

' 3 

10 

30 

MO 

ioao 

1030 

1030 

1030 

1080 

1000 

3400 

3400 

0400 

3400 

3400 

2000 

10,310 

10,310 

10,300 

10,300 

10,200 

saw 

18,040 

13,430 

13,730 

13,680 

1,1,000 

0000 

10,800 

10,070 

18,340 

17,070 

17,710 

4000 

12,700 

40,310 

30,460 

33,770 

31,430 

woo 

57,400 

33,110 

34,310 

33,740 

30,000 

0000 

40,310 

70,030 

73,030 

00,400 

00,420 

7000 

M7, m 

136,300 

113,700 

101,100 

01,700 

woo 

231,400 

314,000 

144,000 

101,300 

140,300 

0000 

201,300 

230,000 

343,000 

330,000 

204,300 

10,000 

273,000 i 

874,000 

260,700 

303,300 

851,400 



2, moloa gna/mota nip 


2000 

1,000 

1 

1.000 

1.000 

1,000 

1,000 

a wo 

1,000 I 

1,003 

1.001 

1,001 

1.001 

3000 

i.ooi ! 

1,017 

1,011 

1,008 

1,000 

4000 

MOO 

1,130 

1,100 

1.043 

1,003 

M00 

Mia 

1,304 

1,103 

1,18,1 

1,100 

0000 

1,012 

1,340 

1,351 

1,330 

1,380 

TOOC 

1,00(1 

1,301 

1,403 

1,340 

1,303 

4000 

1 1,484 

1,407 

1,070 

1.370 

1,445 

0000 

1,074 

1,001 

1,403 

1,431 

1,734 

10,000 

1 1,003 

1.040 

1,004 

1.04O 

1.401 



*« n » n.Rri (Mg! ift,an(0jli K,j, IiioIihIoh «>nnrgy of tl(>«noluUon. 











riulliint niHii'nv umlltwd In unnvnnlniit In iiiui In mljiiat Ihn deni rod nntil'lnif 
I’oliitlnnMhlpM Minim nxpni'linonlnl nwnxumnniilx Imlfctiitn (hill Ihn Ini ill n mount 
nf mint'ny riif llitlfxt Ih , ill ImiHl npproxlmnloly, ptr »pnrt I pun I tci Ihn imlnnniid 
uiicj rfc.v. Tho rniIIuni onoi’Ry tout up In Ihn limn nf (ho unwind Inmpnrnlurn 
maximum, („, lx 


b i M '■ 




A ximilnt 1 cixpi'nBBlnn nun bo written tbrq» <■<)• the .energy rndwtodTrom t* 
lo xnmti Inter time, l. - — 1 — 


InUiRrntlon (a tlmaa when Inoumleuuenun no longer oaoum ehnulil ho 
oquivnlont to tho total moaeured amount of radiated energy, Intogrnllfin of the 
P/Pk ourvu given In HNW, p.. nan, glvax q„(n) equal to 0,51.fy t„ enlorles. 

Tho vftluo of q»(n) In found to he given by 


Os(k) ■ P«ta UU45 + 1,20 


10 “ ' . __. 

f n/t a )- 1,l ’®d(t/t 8 -r+ io<jg" 

1,4 


(n.T0) 


whero P, lx tho thermal power nt tho second maximum, t| lx the time of tho 
aeoond mnxlmum, nnd 10 q,^ la the energy radiated after t/t B ■ 10, Tho 
aoaond term of P!q, A.7B wna de rived fro m the enrye of ENW nnd gjvigB^a-|gJ«lu._ 
preoixo representation of tho P/P t curve between tho t/t r vnluoa of 1.4 nnd 10, 
By ueo of Kq, 0,77, ft oan bo written 


t 4 -R» • I.Ifl^llfd/ti)* 1 ^ 90 ! [.4 * l/t» » 1 o (fl,NO) 

If R Is ftxiumod to Im constant in this Interval of time rmti equal to the 
maximum fireball i'iHllii«, n g , then we hnvethnt : - - 

\\ m » 1, UK a , 1,4 a l/tj #10 


nnd 


t * Tult/ta)" 6, 39fl , 1,4 *l/t n a 10 (a;aa) 


tae 



However, Uiu uui'vn of temperature with time given In I'iNW (|i- (lit) In ri'im'Ht'Uled 
only npimiHlmnloly by Hq. n.Hg In thin n'lnllve ilnid perlorl whon plnllori ngnitml 
l/l H iiNiug 0,15 muuoiuJm fiir In. 

On the other hand, for Vlj vaiuea gruaier than-10 the lempurnUino curve 
In wall ruimjminted by a function of tho form T„ oxpHct/t*), (T p and It bn I hr 
nonatanta) whlcih Joins smoothly to tho ourvti from curlier time*. Thin suggests 
that, for tlmtae greater than t/t 0 of 10, nn exponential tornporflUiriMimc 
function ahoii Id give a butter rep re sen Ui lion of the tortipei'niui'e variation with 
time thnn Uq, 11,84, The function, filled to Join Mq, 8,83 smoothly at l/t u 10 Is 

Jr f' n 0, SOMy ( * j() <U,«ll) 

The value of 10ql' oan be evaluated by mo of elthor Uimpsraiim' 
equation by noting that, experimentally, q in not msasurnblo at temperatures 
IdWer thnn about 0,1 T ( <1 .m„ between 000 and 100CTK) whon the assumption la 
made that the fireball radiua romalna constant for a very long period of time. 
Whan 0,1T| la i substituted for T In Bq. 0,13, t/t* la 380 and with Mq. 8,18, It 1* 
40, Tho timaa for tha tamperature to drop to 0,1 T a for a t» of 0,15 aooonda 
(aO-KTTara <0 aeuondn and 7 aaoonda, roapeotlvoly, Kowauae of tho tibvioua 
ovoruntimnte, from use of Bq. 0.S3, of tna tlmo for tho tumperaturn to fall to 
0,1 T a a high value of lOq^ would roiutt from Its use ovon without considering 
an Inoroaao In the fireball radius after ]0t v , 

However, in prooaoding Turthor with Muse assumption#, it la found MKT 
the two ruapuutivo valuoi of lOq/ are O^SPutj fur Eq. 3,Si ftttd 0,5113,t B for 
Hq, 3.83, Indicating that Uq, 8,83 would give about, twloe a# much radiant 
energy omitted nftor 101* a« would H)q, 8,18, The total energy rodiutud ih then 


*I T <*> y i,6Jiv# 

(». Ml 

by uau of itlq, 11,13 for T from t/t« "10 to aan or 


q T (e) » 2,JbP„l|» 

(11,85) 


by mho ofMq, DJIUo T from t^i a ■» l« to 88, 
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If the In fur mm Ion of l(NW ( p.lllll) Is used to solve liir the cuolflclonl of 
IV*, with t| T to W/ll, a noefffulnnl of !UI0 Im obtiilnmfi this Miri'eaponil* |,o 
l,ho waul l of Xq, lf,84 with the eatmaalvely lni'i*o value of'loq H «, The ooorricii.nl 
of JVn can lie anlvod with respect to tho total available energy by '^(a) 0< l UHl to 
1 .Haiti 11 f t( W in calories, where f „ to the fraction of the total energy released. 

Tor P, In terms of R, find T,, the iibovo equation* can bo mui-rangml to |1vn 

'f • j/ifatlO-"!. Wl B aW-», . (»'■»#) 

where a la the coefficient of P,t, In Kqs i.«4 and a,65 It the previously used 
val«e*rRr* lJflait) 4 om. T„ - BHOB'K, t* - 0,1B seconds, ami;W - HO-KT, are 
substituted, f„ Is then h,IBM's so that for anj value of 2.88, f, Is 0.82 and 
for the value of 8,86 H i* 0,4?, The value of a, 8,(10, calculated from tho JSNW 
data lay usinR an f „ value of 0,888 to beRin with, five* tot* the value, 4UM, fur 
a, It may be,concluded from thlr value that the curves for It and T for the «t) 

KT yield and the Information an q T , P :? , and .1,..as Riven In «NW are not consistent 

The dependence of T 9 on yield can be evaluated by renrranRlnR Bq. &.»« 
to Rive 

- » V f, W/«(8,17) 

If the values of R, ( - « m /l,l8), t,, r,, and a obtained from JCNW aw substituted, 
tha value of T, ia found to be #600 W-°- 0T ", fjjjiij function Rive* a T B value ef 

SBOO 'Kfor a aQ-KT yield and of iaiKPK for a l»MT yiald. Thus, T „ a* _ _ 

derived from the UNW scaUttg function#, f» i»0T lower than the "observed" 
curve In INW for the B5-KT yield and duomsei much too rapidly with yield. 

To obtain mere resonable and more internally ooneiitent information 
for uaa in the idealised air burst fireball model, the various parameter functions 
from 8NW were adjusted to a sol that was consistent with reapect to their 
functional form anti numerical valuea, Tha roauUin# eel of fund Iona was 


derived ft^m'tths enemy. utiitMtioas Riven toy i; 



q T («) - 0 SO W Wt 


: (».«•) 

q,U) • 0,0* W KT 


(8.88) 

q a (a) ■ 0,42 W Kf 


(8,80) 

"" Q s 0, 41 W KT 


(8.91) 




Tho ullUMitilon ol tl)o fni(it|onn of the Uilnl I'lmruy (0lor iilriMt, li t!) for 
nuclear radiation, nnd 0,57 In (ho fireball up In (ho second maximum, Including 
(ho 0.08 lout l>y radiation up to (hn( tlmo) lonvos, from (ho nlxtvc sopnrntlona, 
0.07 of (ho (odd energy for such processes oh hunting and mixing of air that 
ontara tha flrahall tflor the second maximum end for expansion of the heated 
gas against tha atmosphere. 

The oxpsnalon of the fireball from l, to time of maximum expansion, t w , 
in ranraaontwri by tho ratio 

R m /R a » 1,24 (8,09) 

This ratio In the value obtained from the data for the 80-KT yield In BNW and 
replaooa the valuo derived from tho P/P, function. 

Tha radiant anergy from Kq, a,88 in terms of P,t„ la given by 


- "i t ' 


In whioh 

q T (a) » Z. 52 P,t, 

(9,99) 





q s ( 0 ) * 0.40P,t, 

(9.04) 


l.Oq.^la) * 1.68P a t a 

(3.09) 


Khj s *(t) ■ M4P 3 ta —- -v-J . -- - 

(iDS) 


The P,t, multiplier for q,(a) was roduood from 0.5T to 0,40 ao M to retain 
about the snme ratio between q,(a)/q T (a) m that given In BNW, The value of 
l,0<b**(lAi ■ t to l<?) wm btcreMed uy a factor of 1,9 due to the change to tho 
Rm/R, ratio given in Rt), l,M, the remainder of the MU la Hie multiplier for 
lOqf. ilnoe the temperature deoreose alter about 101^ Is pwfcsbly better 
described by Eq. 9,13 than Bq, 9.13, the larger multiplier for I0q|* (a) can only 
be obtained by acommllng fop an Inorennt In the fl rebel I radluiwlthl/t, after 
lOv,. A suitable function for such a variation of the fireball radiue with l/l*, 
when leLaeted for convenlenoe of migration aa well as for expreaaiffg an 
.epprapelate acooleratlon of volume expansion, Is i; 


R « 0, 71 R n o®' , 10 f'|/t, <,'4K (0.07) 

whan tha constants are evaluated, A function of this form muat be restricted — 
on »n estimate of (he fireball radlua for t/t, valuta lean than 40, In this time 
period. T will doureaae to Iho order of Q.1T, nnd the Inoreaae In R la about 
a factor of 3,0, 
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The incroiiHi 1 In thi* uinnn cloud imhHuh In i-mmimiII nil.v lull cmmiwlnu ill (l In 
h mlmiti'H In between mood in in,oiH) iiiiioh II,,,. In the model nli’ Imrrt, thi* Nri 1 ' 
linlI rnilhm Iihtoohcm rt;nm II,» ill t-i Mi ll n , ill l.'Ma i re inn Inn conHlnnl from 
1,4In lo I (lln nnd then begin* In Inereiwo IIHII III Ml form till! Irtl'H'i' cloud nluuil tlu* 
tlw Ihcmitfloiii'ciiio** 


Till’ rHiiilun nmollg- Til , Hu , If Wild W, lining 0,00 W I’OI* (| >|. (II), Ih 

- - Tv' 1 li,." ta ;L 1. ^7KlO m * VV 


In which 

T a r io'w-o,oan , K <n. 00 ) 

1,, -0. MOW 0 ' 41 5 nil! (0.100) 

niwl " •' ■ 

• ... _... r. - H , Q 4 k )Q :, W 0 ' m cm ( 8 . 10 D 

lin oiftnlninirrhp nbovc function*, the rir*l n*mumpll»n l» Mint the tfopereent;" 
of tlw energy tort by rnriliiifim (li Imlopontlont or yi«M, Tlw onrollnry nnnurnip- 
tlnn m Unit the flrelmll volume la.propoi.ilomnl to the-,yield,-nr Mint rtmplo |gro« 
metric nonllng nppllon, The remnlnlng rrrtdunl difference In tlw exponent on W, 

nnmalv O.l flTt WM dlrtrlhu ttid In r ttunl rwrtn lo t., nod fu al ng the F.KW ‘_ 

dependence of t* a* being proportlonnl to W ( " B to itorl with) nnrl that, for nnrl 
<tif(ct) to bji (Hroetly proportlonnl to the yield, Ta nhtmld be nlmortjndopntidonl 
of yield, s 

The coefficient for Tu won 'token from n logiirlthmlc extrnpnlnllon of the 
tompornUtre curve In KNW for tlu> 30-KTyield nlongn line with Ihn elope, -0,4, 
mid lining the lempernlure* from the curve between the t/ta vnluer of a and 8, 

T he ooefiLojenl fur ta wn«ii^ln.ed^;ildjMrt^jJwJ»lMeB of t«;Jwfri the KNW 
eurve to give the nnmc pereentnge fllffrronee'm, yield* of SIMsT nnri 1 -MT, In 
tloing thin, ta for ao-KT ln inemirod from n,in to o.lT ioisond mid for 1 -MT It 
In deeronnod from 1,0 io O.til) aoeond, The ucierflelunt of H« wtin flnnlly derived 
from iKrjt fifth. 


Tin' eori'enpondlng vnluon of the flvelintl pnrnmeter* of Into rent nrei 
-o, ow, . , r n. inn . 


T IO* W 1 ”* w <t/l H )"”■ J " ,n •!< 


1,1 f (* 1 (ItIJ 

t B s: t ’ l.oty 


i as 


( 8.1 fill) 





T «■ B,9Sxl0»W" 0,0W ■xp(-O..DW«/t l )- , K , t * 101* .(8.101) 

* S.9flxl0"W“ 0,M0 •xpjJpO.T^W" 0, ' S 10t| (8.JOB) 

. t* ■ 0. G70W 0, 411 mo (8.100) 

R m • d, aislC 1 W 0,111 cm , t, « * N lOVjt (3.107) 

and 


A ■ 4.41x10 s W 0, ,U *xp(0. TOW* 0, 44 St ) em , lOt. S t « 4St 8 (1.108) 

The adjustments, in general, result 1 a a dlepUosmem or Homing of the 
parameter values between 10 and 88 percent from those given 4a BMW., except 
(or -the fireball radius , for example, the adjusted values of (to* radius Ja are 
10 percent less it 1-KT and 44 peveeKt Ubi at 1-MT Hum those given toy (toe 
SMW functions. This decrease in the radius from (tost of ENW Is in agreement 
with the observations «f ottosr awttters. Upple 4 , for example, writes that the 
true fireball radius may actually to* as small as half of that givsa la ENW, 


The fireball parameter sowing fusumms for tine model euriaoe mmuH; 
are derived an the basil of assumed differences or simtiarittbi wllto (too tons- 
toali from tbs modal sir .burst, la this model, the toll-nr interface is intro¬ 
duced, — ' .- ' . ' • r 

Tbs main assumptions used In the derivation of the parameter sealtrig 
funetioAs arei 

i. in the model surittoe burst, half the oaorgy in the fireball at die 
second maximum is used to beat, dissoelate, and expand the gas 
molecules from the air and half the energy is used to vaporise, 
dissociate, and expand the gaseous products from the soil) 

8. Tbs vapor density of the fireball at the time of tbs second temper* - 
ture maximum is the same for berth air and surface types of bursts s 

8, The blast and shook wave carry away 88 percent of the released 
energy (as for the air burst), and IB percent of the fusion yield 
goes into nuclear radiation i 
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4 . Thu fireball volume at the second maximum for the surface 1 hi rat 1* 
the same an that of the air burst except that It lum .« hcmlspherlcsl 
ratter than apherlcaJ shape. 

Taking th# last assumption flrai, 

R M (si/R,fui * *V»tr 1,86 <#,»«» 

wttare Hi (a* t« the fJrcbtli radius Tor tlm surface hurst and Hi (a) is that for the 
sir hurst. The ratio of the «ner*5«s radiated into th# sir apace nround the two 
fireball* at the Um« of the second maximum !* 

q t ta^,<ai* v,m:{¥ r teir*i*h rv . . o.iso> 

whirs q t <a| is the radiated energy and T, (el Is the temperature at the second 
mud mum tor the surface burst, and q. <ai add T. (a) are far the elr hurst But 
since much of the energy is tost before die second maximum oc<c*ur§ and at much 

B » natures, before the blast w*ra breaks away, tbs amount tost by 
i to this time should be ituensiltve to the ratio of the two values of 
fore, the fraction of energy radiated into the air apace la taken to he 
nt, up • pewent, _. . __ _ _ . 

otal surface area of the surtaae burst fireball under th# equal volume 
Is 1,19 itlmka that of the elr burst, so that the amount radiated 
aurtaoev would be nearly 10 percent of the total energy wilh 4 percent 
ant heist' radiated Jeto fts ;r;sitsi surface, However* eiase mi-whole 
liottom of dw fireball If In direst thermal ooetaot with the ground, some addi¬ 
tional energy would be absotoed by the latter, .An additional« percent la there¬ 
fore assumed to be tost, or not coat*laud within the gaseous phase of the fireball 
, «t til second maximum, Wito to#s» waeumptlene, the made! surface burst rtre- 
!j ball contains 4fl percent of Urn released energy at the time of the second tem- 
: | -pn«iHP9-iiiiiBini^T _ -■ H ' ji V;te 

The aseumptlon of equal vapor denaldei and fireball volumes lead* to 
the equality of the number of gat molecules heated to toe respective values of 
Tii per unit of yield, since the fireball volume scaling function la proportions! 
to fha yield, The combination of all the assumptions permits the estimation of 
T» (e| for dm aurface burat. .j^: 

The fllrat law of thermodynamic* tor the utilisation of 49 percent of the 
FSSsaSSd snsfff in heating air Sc an ideal fas, in the mode! Sir burst, }fl 

Q t - n,(E T -E m l * MVj-V*! (Min 
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In which n„ Is (lie mimlmr <>[ moles ol utr honied In T, fn), !■;<(• r; aHH Ih Hh> 
ehnnso In onoritv, Including dlSMnuliilInn, of the nil- molcoulcH In nil/nmlc ol 
ulr, p* In Hh< external pressure (t ntmos.), V, In the volume ol Ihe llrohnll ni 
second maximum, V„ In Ihe original volume of I ho nlr mnlemilcx, initl tj, I* 
5.44x10" Weals (for W In KT» For « sphorienl fircinill, V„ from liq, H.) 11 In 


V B » 5.16x10" Worn* v (11.1 til) 

With the Idonl-gas law, p,,V fl la rcplncml by n^T,, or »f» n„ pul*. Also, p„V s 
l h equal (o 1,3x10*" W oats, Replacing the appropriate equalities In Rq. 3.111 
result* In 


n./W » 


S. 31x10" 


moles xir/KT 


(3.1131 


Assuming Ihe perfect gas law to estimate the number of moles of gft« In 
the fireball result* In 

’ _ n^/W ■ 6,3Sx|0* W°‘ ”^jj molos/KT (3.114) 


when Bps, 3.00 nod 3,113 nro substituted for T. and V., respectively] p# In 
the lelnl Internal proasure at l t . Combination of Rq*. 3.113 and 3.114 given 

nt/i*W o<W pg(B T -fc408-S‘)a) (3.113) 


In whlsh Ihe compatible values of n*/n a , p,, and (K T -K« M - 303) nro obtained 
from the thermal rinin on nlr ni n given temperature and ann lx? determined by 
calculating p, of Rq, 3.118 fcndtherf plotting the onloulntod values ns n fu not lor, 
of pi Ihe equal Ion ia sailsfled nl tho point where V ** p|* A single value of p 
result* lor each selected value of W, The solutions of Rq. 3,113 for different 
values of W are ehown In Table 3.4 along with Ihe corresponding values of 
n-r/W. 

In order la make u similar compulation for the model surface burst , tho 
thermal ppepertle* of an Ideal’ 1 soil must he apeolfled, For Ibis, the IhdrmnV 
properties of the mineral albllo or nnatihoolose (Nn|O*AI,O|.8fll0 9 ), with a 

-selected mejtlng point of HQ0‘C, arc assumed, fine mole of the soli, upon 

]i complete dissociation, produces an moles of gnt nlomsi Iho molecular weight of 
the compound In 52d nml Its honl of formation nl amd'K h 1,800 kciil/molo. 
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Tlililn II,4 


HUMMAHY np VAliUKH OK n () ;/W AND p* KOH Till'! MODI'!!, All! HUIIHT 


WfKT) 

TifK) 

Pj (fttinos) 

ibp/W (malex/KT) 

1 

10,000 

5,00 

3,5|)xfO" 

in 

0,1)50 

5,Rn 

i.nnxto" 

10" 

0,180 

5,70 

4.11x10" 

10 s 

5,710 

5,70 

I.OHxlO" 

10" 

5,380 

5.50 

•i.noxio" 

' ■ 10* " 1 

7,010 

0,11 

5.08X10" 


The dofa of K.K. Kelly* iiiwT Riull nml Slnko" wore uood lo enloulnte iho onoi'ny 
olwnRcm of iho fnllnwlOR miction* al a»H*Kt 



Nfl|0<AI|0|< iWK^fo) -iilNn(o) + 3Al(o) + Ofll(u) + M\ (g), ar - 1,705,000 intl/molti 

3Nn(o) ■ 8 Nb i«) a I! " no.rvan cMtl/molo 

-_3AL(t'» - 3AI taV __AW » I fin ,who tinl /molo 

OBI(oL feOSIte) : A I'J * (IHd.'lOO {'Itl/molw 

l . X. fK) • mow _ : (i R « l)>|B,OMO (>iil/molt.* 

Nil |(0'A I, O n (ISIOji (o) . HNn(B) + a Alin) + 081(B) * UlG(R) All * 11,577,000 oill/molo 

107,700 onl/mniii 

of boh iiioihh 


Wlwro npprnprlnlo, lht» h«*nt content rliiln wore r«rrotiiorl in Af! hy muhlriiollniv 
of I lie quimtlly AnRT, An being the olmngo Inllio numlior ol moltm I’m 1 lit,, 
gneomiw npoolOH, The vnlu«i of F, T .|0 ao8 for Iho irlonl mill, nml nnimi fir tin 
tlreompoxlllon products m higher iemperntiire*, nro glvotv In Table 11,5, The 
viiIooh for Iho noil immpnmltlnn iiHHumn complete dlssooliillnn of fill Iho oxide 
product * nml of Ihn oxygon molecule. 
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Thu first lnw of Ihormndynnmtns fur the oonvorslon of -ISA pomml (if Iho 
rolnnsod nnorgy, for the model ImrHt- nt Iho hoooiuI lemporaluro 

maximum, In 

*1. 6fml0»* W -» n„ (Affi.-'iOa) + n„AIS B -+ l,30xll) l "\V (JUKI) 

|n whlah Arc, nnd Arc, are iho f'auR valunii, Ineludlng dlRsneintlnn, for l-ho 
Kir nrol mill, respouUvolyi n H In Iho no mho r of gns atoms from iho noil, urn I 
! ,!H)xlO w W is lhep„ Vm I arm o* before. Aii'uordlng to iho definition of the idoitl 
surface hurst, the offiml portions of the energy for hunting salt and nlr (hut 
remain nflor BMlitnmUon of p 0 Vi are 

1, 366*10“ W:.N h B (AK B -B9Z) (13.117) 

and . . - - 

2,26fixlO u W » n* AJii„ (B.11R) 

81 nee the oxygen molucRiles nrn oRsenttnUy nil dissociated nt the Uimpurn- 
turos of interest, n„ imd Alt, onn ho determined for given temp*!neuron, us they 
were In the ease of the nlr hunt, hy esllmnllng n,(g), the number of moles of 
gna from the nlr, on assumption of the perfodt gas law. In this onset 

“ n, ■ JJ^Js) " ~ 8ikI0 B WP|/ T,(•) — fa-lltf) 

where p, Is the sum of the partial pressures of N u (g), N(g), (\ (g), nnd o(g) from 
ths original itlr, nntl 1 V(m) Is the temperature at the ijoonnd mnxlmnm. 

Combining Nfai, IM|7 and R.llf) gives 

_ n l /it t ' « 2,88x10-“ P»(B»«S94}/T l (s) (.1.120) 

The values of n/W, given by 

If ' - : . ■ ■ ■. ■ 

n/w - n»/W + n»/W (11.121) 

were determined in sevornl nsnurnod values of iV(s). The values of T (! (»)■ for 
dlfforont vahios of W were than determined, rrpm n smoothed plot of n/W vs 
T« (s), by rending off T« (s) nt the corresponding ivp/W vnlues for the nlr burst 
_ _ for eaoh y ield, The results of those auloulnllona nrd summarised In Table IUI, 
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Tniiic ii.n 


TIIKItMA I. I.)ATA |«'C»il IIlKAI, Will, >NHTIT|iI'JNTH UK 
IMiMPOHITIuN Nil,,()>AI «(|H|<i,,, i'iil/mnlo 


V' w ai»»»: 


T(’K) 

NOW 

A l(«) 

HKrt) 

(8*11 

C!(inij'Kl«||(^ 

Hull 

C)0IHpO«l(.C' c 

Hull (o) 

Hull <1*1) 

8DH 

" 0 

TT” 

6 

0 

0 

0 

0 

.000 






88,740 

811,100 

1,000 






08,440 

04,440 

1,100 






107,440 

110,160 

i.aoo 

11,(180 

8,780 

8,770- 



188,080 

19(1,7 60 

1,1100 




- 


108,180 

M (1,1100 

A, *100 

:),U80 

11,080 

a, oho 



1011,780 

1(10,180 

1,000 






160,440 

177,460 

1,000 

11,880 

11,018 

4,000 



180,84(1 

100,100 

8)0,1100 

1,700 



" i 



801,080 









11,000 

0,080 

olliO ’ 

6,' 88ft 





o.ooo: 

8,000 

8,100 

8,000 





4,000 

11,410 

11,01*0 

111,100 




;; ' — . 

8,000 

10,080 

14,100 . 

10,700 

14,77(1 

188,000 

: 


0,000 

811,4110, 

17,400 

10,880 

18,000 

10(1,100 



7,000 

011,01)0 

81,1)80 

88,780 

88,480 

100,100 



8,000 

40,000 

: 78,aio" 

1)6,1110 

80,0110 

87,040 

104,7.00 



0,000 

ua.ijitf 1 

• !!0,810" 

17(1,10()*‘ 



10,000 i 

100*700" 

41,70117 

0.(1,100" 

: OH.oflO" 

170,400" 

r-- 



n, filutlimilutl from oxit'tipoliil Ion of hoot"un|inulty tlnln 
b. C«l/imilu huh tiiuniMji bnMV t 

«,• Onl/mqju U'llH iiflintN! I'inMij. 'N!)j,n.A| a n.,<Hin,. |[J) n| ;gj)8”K- 





Tniiio n.« 


NUMMARY OP CAIAHIUATTONN POR Tj,<H> RANUIl ON Till'! ASSUMPTION OP 
MQUAfi VAPOR nilNSlTIRS AT TUB IRflOND TRMPHWATURK MAXIMUM 
POR THR MODETj AIR AND SUnPAOR-HURST PIRPRAIJIA 


T.M 

i*K) 

P„ ,'V„ 

{stmetCj 

rt*/W 

{lO^molee/KT) 

n,/W 

{Hi 8 molee/KTl 

n/W 

(10* molea/KT) 

[lx-*. • 

j? 

(1000 

8,04 ] 

3,8(1 

1,402 

9,31 


(1300 

3,38 ' 

3.40 

1,441 

4,09 

-- 

flflOQ 

8,14 

•a,u 

1,480 

4,94 

-- 

000(5 

8,00 

8.74 

1,410 

4,10 

-- 

7800 

, 2.07 

*. 8,48 

1,407 

3,88 

— 

7140 

1 8.72 

- 9.48 

1,41 

3,80 

1 

7030 

8,81 

8,98 

1.42 

4,00 

10 

0010 

8,80 

8,78 

1.48 ■ 

st 4.14 

1.0* 

(1770 

3,00 

8.80 

1,43 

4.38 

10“ 

0980 

8,17 

8.17 

- : 1,49 .. 

4,00 

to* 

0980- 

8,40 

3,88 

. 1,44 

3,02 

10« 


The derived T.tel value* are represented quite well from 10- to iC »KT 
by the sealing function 

/T,(b> « T200 W 010 1 7 ^ 

for W In KT, It ahould be noted that tht« equation la uned In estimatingTJe) In 
all following computations rather than the vaiuee given In Table 3,fl| thla ie done 
to maintain consistency among the varloui parameter* derived from u*e of the 
Ti(e)lvalue. Tho model surface-buret fireball condition*, ualng the emoothorl 
value* of T|<»), are summarised in Table 3,7, The parameter vaiuee nro- 
tabulated with morn elgnlfioent number* than are warranted by the assumptions 
merely to aid In Interpolation to other value* of W, Interpolation* to other 
yleldit onn ho mnde by plotting the parameter* ngninel T^e), whloh la relnlotl lo 
W by H!q, 3,189 aa la ahown In Plgtir* 3,8, The vaiuee of Ate* and AK,*ftfl8 can 
be then oaloulntod by uee of tiqa, 3,118 and 3,117, It ahould bo mentioned that 
tho rocmleutetad values of n/W do not quite onnform to Ihe aaeumplion of equal 
vapor densities In Ihe model sir nnd eurfnea bunt* nl nil yield#, 
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Table M,7 


NUMMARY OK FIHKHAI.I. «W»NIJIT|€*NB AT TUB HKIIONP TKMPKHATUHK MAXIMUM 
KOH TIIR MODI'!I< HUIIPACK WUIMT OK DIKKI'iHRNT YWC1.UH 
UNINO KQ, 0/lBB KOIl T» (») 


, Quantity 


—'. 1 - 

1" 

W(KT) 



1 

10* 

10" 

to* 

10" 

% (•), *K 

7,800 

7,04(1 

0,880 

0,780 

0,870 

6,480 

p,, atmos 

8,007 

3,78 tj 

8. DOS 

0.087 

8.108 

0,864 

Pm atmos 

4,818 

4,001 

4,000 

4,470 

4,580 

4,006 

n*/n, 

1,088 ’ 

1,470 

1.488 

1,081 

1,047 

1,080 

n,/W, 10* moles/Kf 

1.407 

1,414 

17410 

1 t,4M 

1,401 

1,406 

n,/W, 10* molos/KT 

8.480 

8.570 

8.708 

8,081 

, 0,140 

0,1110 

n/w, 10* molcs/KT 

A, 887 

0,880 

4.188 

- 4,078 

4,871 

4,750 

A M,, aal/mole gss atoms 

101,080- 

100,880 

100,010 

108,000 

108,060 

157,700 

(AK, -HUB) oal/mole air 

140,100 

180,080 

110,060 

i 00,050 

07,800 

90,110 


The assumptions that Riven fraction* of the released energy are contained 
In the fireball i carried away by the blunt wave, and lost by thermal radiation, and 
tho corollary assumption that the time dependence of the various pnrnmoieri can 
be given In term* of the time relative to tu, as wa* done for the modoi air burnt, 
lend* to tlie mathematical raiulretmmt thnj., for the model mrfnce bund, must 
vary an W, 0 ' 818 By adjusting the i« vsHwsjfartlui model nir burst to give the 
mime percentage deviation at a.o-KTsnd MMT, the model surface burst sealing 
fuiwtlo n for W that results la 

t„ * 0, 61 <«, I Hit) 

Thia givcM o.lt) secondsfor an-KT and 0,8b second* for tho I *MT yield, The low¬ 
er value* of,Tii (*) and t, (higher yields) for the surfiee burst would indtoele Unit 
the surface burst fireball either cools more rapidly than the air burst flrohnlLiil 
the very rarly iiiyu'i or thnl ll never was u* lint, or bnthi 

At L UuJmadfil iurfnoi’-burst ftxchalUaJn the shape of a hnmlg phero c en¬ 
tered in the pbini of detonation; In tho model it remains tn this position and ahttpi* 
until it reneluaV lull expansion at i m , After l„, It begins to rise and In doing so 
takes on (he shape of a sphere ns If separates from the earth 1 m surface at t„. 
During this lime, the volume remains constant; as In the ease of the air burst, 
the fireball volume Is assumed to remain essentially constant from 

Ml 






1 1.41 to I lilt, Minim the Hiimi' lli’t'lmll voIuoioh are iihhuiihmI for 

Imth lypt'H of Ihii’hIh, ihn hiiiiim ty|n> of <>(|itnl.lnn lor Ihn ineroiiHo In rmlltiH n Hi * r 
101 ., Ih iihciI, TIim I'liUntil imi'tlfilim enter thi< llrolmll mime time lifter l, and, 
nrcMiiumlily to n larger degree, even nflcr lot,, 

From the imuiimptlnn of equal flrohnll volumes, the flrohnll radian for the 
moflol Mirfnc-o burnt Ih 


U, i 

* f.,:lftKlO"W 0, ,3i nil 

(0.124) 

lt m • 

- 7.8HxiO ,l W 0, 111 mi 

M.i an) 

11, ' 

<■ 6, 49x10“ W 0, 313 cm 

(0,10(1) 


tn orderin nMtimnin the onorgy rndlnlod lo the* ntmtwphorc between |,„ 
iintl I „ (ho value of It,, the nffootlve rati ton for the mirfnee of the ft robnl! 
exposed to the atmosphere, Is nsstimod to vary as (t/l,f, where m Ih n annul nnf 
that Ih tnrispondont of yield, ho thflt the form of the Integral of Pill during IIiIn 
period Ih the same ms for the period betweent„ and lot,. (The vnluo of m emi 
he twnlunted from the height of the olmtd for a I -MT yield nil given In RNW, 
p ' . ... 

Tho eurvo onn Iw roproHonlad, with a fnlr'degroe of preoiNlnn, by 

h, r 4. ilixlO 4 l fi ' J 0 * cm , t " t m tr.i 60 hoc (0,127) 

nnd ;i „ 

h| * 6, 46xH) 4 t®'em | l - fid to 300 nee (II,ISA) 

For tho mdtlol Hurfnoo-bui'Hi flrobtdl, h t is equal to ittl, al b, 

For tho 1*MT yield, 2K, io l.unxlo n enu l, I* then 4,(10 HooondH, Hlnoo 
hi for thin yield in 0.80 second, (,/(, Ih 0,80, lining tho viiUioh of 0,70 li£ and 
Ilf nthi, '"'(I t,, ronpnotlvely, the vnrlntkm of It,, the affective "spherlmil" 
rndluH, with t/t,, during I, n to t„ Ih 

It,, . t/t, « 1,4 I., A, H. (11,120) 





The cstlnuitoH nl' I),, mill l„ are given hy 

| m 0,tlHHW n ' 47 ’ hit (II.CIOl 

t„ - o, iviw' 1, 47 ' Hoi! (n.ini) 

Tho fireball pimIIuh from i/Lu ■* O.h in t/i w • 10 In assumed to ho the sumo nw 
H r „ fop tho model dll' fill Put which Is O.UOk 1 „ m ( , H K | vim by Mi|, M .12(1 

fop Hi,. 

Tho vnrlallon of llie tompornturo with t/t» for tho model surf 1100 burnt Ih 
rmnumod lo follow tho same ptittorn of doorcase with t!nuv ns In thr nip burnt. 
Thnt In 1 It varies no (t/ly )"" up to tA» 10 niul thereafter varies ns exp 
(»U(l/M) whoro n niul k npu yield-independent pnrnmctcrsV Since T’n (w) Is mix'll 
lower thnn !r«(n), It would nppenr thnt tho tompornturo should ho doeronslng nt 
n snmewhnt slower rate, nt this lima, for the stirfnp hiiriit. Thnt Is, the 
constant it nhauld bo loss thnn 0,4, 

A likely vnluo of n enn bo determined from evaluation of tho Integrals for 
tho rndjnnt energy lo st to tho surrounding nlmnsphoro, rim v;n« done for tho nlr 
burst, Although the total nmountof energy radiated to tho nlmosphoro should' bo 
less thnn for Uir nlr burst (r,o percent), tho lower limit would certainly be nbnut 
80 percent, with no upper limit of around 40 percent, Allowing the estimate of 
(1 poroont for the amount of energy lost tip to T« ami ft,lingo,tu J ut B tor a pereont) 
from hi to ns In tho on so of tho nlr burst (but eorrctitod ffjr (fetmiotry nml 
tbmpornturoy, andTssumlng ihOtnuovarintioirjnr ti with t/t M niter iOt u nrror 
the nlr burst ease (ns a first approximation), the integrals give 80 poroont 
of thu ontlrgy radlatod to the ntmosphore for n » 0,88 and nbouHO percent 
lost for n jr 0,80, On this bnsls, n wns (niton ns 1/8, The ostlmnto of tho 
fimair temperature for the surfncti burst (hen Is 

T • 7. 2H10"W° V0 (t/t fl *K, t/t„ » I to 10 (11,1118) 

T » 8,H1k 10"W 0, M V l/a «1< , t «.t B to IOtu (8,188) 

T r. 4, bf**IO :, W" (1 ' 010 rrxpf-f),-0H1t/t 1 |) "K, t/t, u » 10 to SO (8,1(14) 

T * 4, 66x10" W"^' 010 oKp(-054bW"°' i7i l)"K, t 10t H tn h0t K (8,188) 

Meoatts" the main concern Ih with the surface burst. It In deslrnhle lo have 
n hotter estimate of the flrObnll radius mid volume lifter t/tj - 10 than was 
obtained for the nlr-burst fireball, To do this, the work donu In the expansion 
of the fli’ebnll ngnlnst the ntmosphere and In the hunting of Inflowing nlr, us well 
an thermal rwllnllon Iohhoh, nro taken Into aeemint In estimating the rnle of 
expansion of the flrelmll after Its Initial rapid expansion to V„, or V,, To a first 

Uif 



npprnxlmntlon, In ihi'Hn f‘Hl.1 iniilnH, I,lie pri'Honoi' of ilu* mdiI ihmmI not lie Inken 
lull) IKU'IMIIH If til!' I'liil point Of 111!' enlonlnllnn loi' III!' energy hnlnuee for Urn 
expnnalon In tnknn ill n mil'flelontly low tenipernlure. In Ilw anlld form, Iho noII 
wonM not ooiitrllnilo to Him voIiiiiio, Mini, ImumiHn of the high roliidvo nlinnilnnoo 
of nIr molnonlofl, llio proportion of Iho flrolmll energy flint In nlmorhoil liv the 
noil Hlmtilil In* HPlIlll. 

FI rat* Iho energy rndlnlnd to Iho nlr liolwoon t/l u I mifl t/l. n It) muni 
Iio HUlit.riiot.cul from the 4,Mini0 M W uiiIh hi llio flrnhnll nt t H . The energy rndlotnl 


to thn nlr up to i/tg ■" l.o In mimmnrim'd hy 

q 1 ' fi.fifiKin 10 w ohIr (ft,n%) (ii.iiiii) 

. Iql'i - 4,44xl0 10 W eala (4,0%) (11,1117) 

l,<lq M 1.92x10'° W rule (H,9%) (IUHH) 

4. Hq 1 " p I.Oti* W nil (2,H%) (ll-.lllO) 


The onorgy roninlnlng, nftor aisblrootlng tho Inal throo nlwvo qumititlen, 
la a,7l)xlo“ W onlai It la available for tho proooaafm mentioned nhova, Tho 
mnthomntlonl form of tho Moronic of tho flrobnll rnillua nftor t/t u w to la 
nnaumod, na In tho (man of tho Hir burst, to lie 

W • R, B*p A(t/t a -10) (II,HO) 

In which tho oonatimt la yield-independent 

According to the variation of the tompornturo with t/ty (ITom Ron, II,Ilia 
to n,IHO) n tompornturo between 8(H) und 000"K la ronohod at t/t a » 00, for nil 
ylokla from l * to 10 s -KT, Since this la about the time the firobiiJ! n« a.uoh 
ahouitl dlrnppenr, it was Belsotari ns iho find point for nvnlimtlng tho conatuni of 
Iq, 11,141 by monni of tin energy bnlnnbo, 

Tho work of fixpimalon ngnlnat tho ntmoaphoro la 
q(AV) ■ P(V b „ b - V«) « 2,48x10'" Wexp( 120a) • .1, IfiUI 0"' W c'at.M (0.(41) 

Tho number Of moloa of gna moloauloa pmaiun nt tho end point unn bo 
oatlmtitod by nao of the perfoot-gna Inw plua tho naaiimptloii that tho Mtornnl 
pressure uLtho gases, ut-t-* 2 fist gr Is the annm-na-lho tiHthrmd-preaburti (1 
ntmoaphoro),. The number of moles of nlr moloauloa pwlntmt, nt tm ritngtm 
from 1,0x10"'W (for l-KT) to a.Bxlo" W (for 10*-KT), Tho vnluo H.UxlO" W lor 
10“-KT la uaori na nn nvorngo i vnluo to oallmuto the numbor of moloa of nlr that, 
hnve onto rod Iho flrobnll between t a nnd 5(>t u , 



The ONtimnU' of thn energy usncl in hunting nddiUnnitl nlr to ROCK, with 
these provlelnnn, In 

AE * An < K HO0 aC 29H ) " *• 7 ' i,t!0 “ ,vv oxp(IZOn) - M4 kI 0 B W okIn (9440) 

in which An li the inareaae In number at moiee of air between t a and not K and 
tQgoo “ %a l» 8040 oal/mole, 

The radiant energy loet le approximately 

10q," * 1, 73x1 0~".t a / T 4 R 8 d(t/t a ) * - JZ - 1 !? 8 .-. ctali (8448) 

r ° (0,133-2a) 

Summing these energies and equating to 2,70xlO u W oali givea 

4. 13 •* •xp(l20ii) + (9.144) 

The equation is satisfied for a "• 0,0104 1 this value of the constant is about a 
third of that obtained for the air burst where thermal radiation only was 
considered, 

The estimated radius is now given by ;i 

R » S, 6jJxlO s W fi *" M eicp(p, 0104 t/t,) om.t/t* ■ .10 to B0 (8449) 

or 

■ 5, 69Kl0 B JW o, » as e*p(0. 170W' 0,a,8 t) cm, t ■ 10t a to B0t a (8 440) 

The radiant energy lost is 

lOq,” » 4«6SKlO“>W oile (4,2%) (8 447) 

Therefore the radiant energy loet to the atmosphere (surrounding air) is 98,9 
percent of the total released, 

The thsrmal power functions for the modal surface burst from 1,4t a to 
about sotfl are 

P * 8,13xlO l °W 1, 062 t'' 1 ' 171 cala/soc, t - 1,4t« to 5,8t a (0.148) 

P a 4,33x10“* W 1, 333 cale/eec, t ■ B.8t a ta 1 Ot a (9449) 

P - 2,64x10" W 0, 627 <sxp(-l, 84W" 0, 373 t)caie/Bec, t« 10t a toS0t a (9,180) 
148 



In thci evaluation of the constant, n, II would ho prcfornhlc In Integrale Ihe 
energies lo the II mu nt whloh the gases ronoh ambient temperature, In such u 
oiino, thti only energy lout would ho In tho work of expansion unit In Ilu> rurilnnl 
energy, In the real oust', the aloud would Itnvo formed nt 111 Mho r idllludoM liy 
thli time, In nddllloni the observed value I'or the Increase In flrabnll volume 
would ho required for the calculation, Nven further, the nddltlonnl energy 
released by the cooling of the origin id gnu to lower temperature* than aofi'K 
would have to bo considered, as well as the decrease in the external pressure 
to below 1 atmosphere. 

The times after burst of chief Interest In the fallout formation are those 
when the temperature of tlte fireball hai fallen below about 2noo"K, For the 
Ideal soil, the end of the fljpst period of oomleniatJon should occur at the soil- „ 
melting temperature, 1073'K, 

Borne of tho fireball temperatures and times, for yields between 1- and 
10 s 4CT, as calculated from the above scaling functions are summarised In 
Table 3,8, For most yield*, the temperature range of intersst ooaure between 
aot,, and aot„, The times nt whloh the temperature Is estimated to decrease to 
107 3* K varies from about 2 seconds for 1-KT to about 188 seconds for 10 1 ' -KT, 
In scaled time, tha change la only from alt R to 3?t n from 1 - to 10 U -KT, 
roapcctlvely, 

Because of the many aaaumptiona Involved In deriving the descriptive 
equation! Tor the surface bunt fireball, no reliability can be attached to the 
numerics! values derived from them. However, the general tre nd* in those 
values, as given by the funotlons with reaped to time and yield, and with 
reapeot to the model air buret, are consistent with observations. Except on the 
point of aoouraoy, the donurlpllve value that rmn be placed on the development 
of the functions, and therefore their presentation hero, Is asaociated with 
pointing cut what the important fireball parameters are, with reapeot to fallout 
formation, and how they are related to each other, When more data are made 
available, appropriate adjustments hi the scaling function parameters oan be 
made, 



The us* of the fireball scaling functions for animating the value of n(r >/V 
which is required in tiqs, 3,8, 3, If), or 3,3* in the evaluation of the r„(A) of each 
mass chain, is Illustrated In this section, In tho Illustrative calculation, the 




HUMMAHY OKHOMK KIHHI1AI.1. I'AHAMKTKII VAI.UNH K<HI VAHIOUH YINI.HN 
f»l*'TMi>: MnllKI. HllHKAri'l IIIIUHT 


r at 

tot* 

(»K) 

T at 

anty 

n<) 

r at 

noty 

CK) 

T a( 

dOly 

("K) 

T at 

BOly 

<"K) 

l/ta 

at lfl7n"K 

t at 

10711' 

K (see) 


value of n(f)/V In entlmated nl only one temporaUiro for eaoh of ■ several weapon 
yleUls, wntl The lowptvrniwru ii) whloh thtf Ideal soil solidifies In seleded ho that 
fraction* of each clement onndonapd may lie cmlotiliUcxt In apply at the time nr 
(he owl of the flr*t period of tmmlrnflhtion. 

Two time* are selected for a complete compulation of (lie rfi(A) vnluo*, 
The first time, flO ssoowla after 1st. rat, was selwoUnl mi «* in minimise, io n 
degree, any poaslblo error* in the relative abundance* of the jhprHIvad 
flsalon products, and so ns lo mnke the oompulaiIons apply to n land-surface 
Isirst In the megaton yield range. The second time, of ft aoeoffda, wn* used In 
determine the sonsltlvlty of the result* of the iiomtHiintfo.il lo the changes In 
relative abundance of tlm different miotlde* due lo (loony mid In the change* In 
the weapon yield, 

The u*e of single value* for lompernturw and time neglect* Imth lh» 
posilblo vnrintlon of n(f)/V with time nnd llm pn*»lblo Ion no* of some of the 
fission producl* and mill from Ihe fireball at earlier lime*, The computation of 
I he liquid *oH omumntrnllon nf tr Riven time nml fireball temperature by moan* 
of energy balance* I* not an optimum method Iwnnuso of (he approximations 
used In the fireball sealing bind Ions nml bcnmiBe Iho cal dilution* Involve the 
determination of *mn!l dlfferertoe* In rather Inrge numlwr* which themselves 
cannot be computed, with neenrrtey. 










Tim hpIopIIoii of |.lm llimbnll Iptnppridurp mid Mh> I Imp of ni<i'iim<m<i< 
dotormlnos flip ylold, hy uno ol Hqn. lUllil or ll.tilii. Hiilmlllnllon of 10711'K nml 
ill) sooonds null Nnlving for W given ii ylidil of I l.illitl-KT (H -MT)i Urn yield for 
t) mpuoihIm is 8'1-KT, 'i'lm method of uompuling (he neeeMHiiry qunnllllns Ih 
dlnuusaod hidnw for |,ho N-MT yloltl dntnnnlion, 

To uill mn to, liy momiH of onnrgy ha In noon, Hip mo I nr onneenl ration of Hip 
noII In thn nrnl.mil enquires estimates of Hip disposition of I he minify nolifiilnod 
In i,ht) Drein'll 1 between the limn of llm hppoikI lompei'nlurn mnalmum mid III) 
seconds, In thin Iimt< purled, the following processes muni lio oonnlilnrodi 

I, Owl inn to UI7.TK, mid rooomblniHInn of Hip glides lit T h (ih) 

Including liquefaction of the vnportood mol I. \ 

II, lose of energy flue to radiation from Ijthe I Ieohn lit, 

II, loss of onnrgy duo to ffltpmislonof th|> lleelwil! apumrupliiiil,-~ 

the nimosphero,. • . j| A - ). 

Tr bonn of energy In heating the additional nlr thnl enters the 
flrobnll. 

n, I ABB of onnrgy In boating nnrl molting n given nmouiil or 
additional anil. 

An oitlmnte of the nnorgy oxohnnged among the first four processes Is required, 
In order to calculate the nmount of soil thnl In both present nnd melted In the 
flrobnll nt lOTU'K. 

The thermal data and parameters doaorlblng the M-MT yield fireball, for 
use In the calculations, «rn summarised In Tnblo 8,1), The viiImob of n/W were 
taken from Figure 8,1, the other data were onloulntod from the sealing funetlnns 
or from the Interpolation of data In the tables nnd grnphs of Section il,l), In 
using the plot ted dnt n si odd values of T # (s), a chock oomputntion Is required to 
assure that the energy sum at t* Is '18 percent of the ylold, The data are 
Interpolated front the curves plotted against tomptirrttisni, n'Het ehleulnllon or 
T,(n), rather than against ylold, ImeatiBb the Initial coiiijiutfilloit* worn n.indo 
from iueh curves, The amount of mol! vapor!nod and present at t p would form, 
upon oomplnto imiuloiisntlon nl (lOnccoiids, n.5|xlO i, W moles In aoemmtlng lor 
the 2(1 atoms pop molecule. 
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HUMMAHV rtp PIHKHAI.I, PAHAMMTI'iHN AND TIIMHMAI. DATA 
PCUl Til 1*1 14-MT Vri'llil) MODI'!I.H1IHI' , Ari' , -miHHT T'llM'iMAt.t. 


Porn meter 

Vnlnr 

k 

a, 14 nee 

T„ 

n,f>4 n a K 

n/W 

4,000x1 o 11 mules/KT 

n,/W 

1.4HS2xl O 1 ' nioltii/KT 

n,/W 

B,lfiHxl.O e moins/KT 

v« 

8,811x10“W cm" 

« Ph 

4,01 Almas 

P« 

3,18 Atmos 

n./n* 

1,1140 

n„/W 

B.801x1.0 fl molos/KT 

AP,-»9a 

00,080 cftls/molo nlr 

AE, ■ 

188,040 mvle/mole soll/gas Minos 

ooAu 

08,04 l ' 

loci / 1 w 

8,(18% ■ — 


The nnorny polonuttfl on cooling the gnHrtB from dfl/IO'K to 1W7B"K, 
Including association of the imn molecules, l» nnlmilnted by the process of 
cooling to 898'K oriel rehrnUng to 1(I78"K. Thus, for the nlr, 


Air, 8M*K**Air, 1878*K, AK =• 8,0011 nnl/wolc- 

Air, 0B4(1"K-Alr, 308"K, Alt * -on,l)BO cnl/molo 
Air, OMfl’K-AIr, 1.078% AD! * -B7,I)BQ onl/molo 


Therefore the Imni rolensod on cooling nml recombining the nlr in 
«, ' « - «. Mxin" W ('kI n 


(li.151) 




Far the milt, Including melting lit 1 


Hall (e), S3»H"K*»o11 <JI), lf!7H"K t AN * a»7,7»0 onl/mnlo 

Hall («), OMB-K-HolHf)! SIUH"K, All! - -4,134,200 eal/mele 

Hall (g), (Wl4B"K-»Soll (I), IflTH’K, AID - -8,886,800 ml /maid 

Therefore the hast released on cooling, rnnnmMnfng, anti liquifying the soil Is 

Qi lV - - 2. 14*10'" W cals (8,1118)*' 

Thus, the release of energy on cooling mid recombining the flrobnll gasses Is 

Q, » . 4, 28#10" W esls (8.1 SB) 

The radiant energy lost from the fireball from t« to 30t u Is 3 5.7 pemonl i 
the additional amount from tot* to BH.dtg Is 3,6 percent for a total of! 0,8 
pcroent. Hence the total energy last by radiation from l» to 88.ft# is 

*' Q| ■ 2. 14x10" W csl* (8,194) 

The spherical fireball volume, from l!Jq, 8,3.46 is 

V a 7, 72x10" W exp(0. ftl OW' 8, 373 t) em r 7 - 1--' 1 01, B to S0t B {8.3 813) 

Therefore the volume at 00 seconds, for 34-MT, Is 

V « i. Hhx 1# B W cm 11 (8,386) 

The change In volume from V u Is therefore 

AV V •• V’ a l.,J81 h 10“* W cat" '• (8,3 87) 

The work energy used in expanding nil the gases from V B to V against the 
external pressure ef 1 nlmosphere (3 cal * 43,85 em'-atoms) Is 

Q,i - 4, 17xIfl 10 W cals 


(8,3 88) 




In order to estimate the number of additional moles of air that Ium< 
entered Hip fireball between ( a and BMil,,, ii is us mimed Ihrtl l lie Internal 
pressure of the fireball uf 2H,0t|i is very dose to 1 atmnsplwn Wltli 'Ins 
assumption and that of (he porfeat -gus law, the numlier uf moles of gas In the 
H-MT fireball at 60 seconds Is 

« T 1. 35xlO T W motes 

The net gain In air molecules, neglecting the small amount of other gases, la 


An - n,j, - n, - 3, 31*10* W moles (fl.lflO) 

On ibis basis, about SO percent of the fireball gas molecules at 80 seconds Is 
from the air that entered after t*. The energy required to heat this air from 
HQS’K te 3873‘K ia 


q 4 s b, qtJxIfl 10 W cals (5.16l> 

Since die energy changes for all process*** must equal soro, the remaining 
amount not accounted for la 

Vl» = i.Tlxlp M W <«Ib - - (3.1621 

Assuming that this remainder is utilised to heat and melt soil, the amount uf 
soil that could be liquified (at the melting temperature) (flue that eondci»«d 


«(*) * 3, .83*1'6 s W + 3, 51x10" W motes 
S 8. 18x10*W mote* 


(3.383) 


Therefore »t I673K, or 80 seconds after detonation of the 14-MT model 
surface burst, the gross concent ration of the liquid soil la 

n(f)/V * 2, J7s I demote s/cm 1 


The results of similar computations of n(i)/V at 1875'K for values of W 
from J- to St^-KT are summarised in Table 3.10. Over this large range In 
yields, the n(i)/V values for the model surface burst vary only from about 
l.ixltT* to 8,3x1®“* moles of mil/cm*. Thelraetions of the energy required 
to molt those amounts of soil range from 7,3 to U.2 percent of the total. Tor a 
low yield tower shot, Adams* 1 estimated that about 3 percent of the energy was 
used In heating the soil and tower materials. Since it Is expected that a larger 
fraction of the energy would be utilised in a surface burst, die two estimates 
are in relative agreement. 



Ill run'itil t" llio unorgy bnlniiui->. II may uppcur during thu i|itvul(i|imutii of 
Iho ur|inil|.-nM Hint ll poruunt of thn nuui'gy ItiHinlly fiI im^i t-lunl by thu null ill l u him 
boon rl I Mon itlod it • *m thu oaluulutli.nh, 1M smiic of Iho soil hunted by this energy 
In certainly pari of thu n(f) nv>lo* that are melted. Thin mulditlon of cnorgy 
in partially, and arbitrarily, compon sated for by not accounting for further 
lueses to thu underlying soil surface between t.. and t„, 

If tho no energy Ion leu are eon aide red to utour over the bottoin of the 
fireball, find the rimddltions nro ennaidered to ooour only for noil from the 
crater area, the {motional error In the neglect of the renddltlona onn bo 
i’lit I mated from the relative arena Involved. The orator radius, from 1NW, la 
flU.BW^ foot (for W in KT), or, 

R* •• 1, <10x10* W^ 3 cm <3.100) 

The ratio of the surface area of the orator to the surface area covered by the 
fireball ahould give the fraotton of energy recovered, assuming uniform ioaaea 
from the surface of the fireball that Is In contact with the earth. The ratio of 
Rjs/R*, ia 0,00i henoe the amount of energy recovered from till a area only would 
be 0,81 peroent of the total. 

While it if possible that a large port of the energy Ioaaea to the soil could 
be nonr the oenter of the area covered by the fireball, thaao losses were not 
considered to ooour before t-,. Because of the low thermal conducts ncoefthe 
soli minerals and the high temperature* of the liquid layer or boundary, lit any, 
between the gases and the eolld soil should be very thin« The final computation 
of n(f) doe a not stipulate whather the energy lessee to the eoll after t r result In 
the formation of a liquid layer or puddle In tl>s crater which la thereafter 
disrupted and sucked up Into the fireball or liquid particles by the direct molting 
of Individual soil grains, Therefor*, except for the averaging of the energy 
losses over the fireball surface up to l ; . no spectflcsfIon of the fate of the 9 
percent or the energy lost to the eoll can be given, 

The final major assumption for the calculation of n<f)/V is that the 
internal pressure of the fireball is l atmosphere, There la apparently no dsta 
to substantiate this assumption except the inference from the fact that the early 
expansion or the fireball the atopa at ( ao that even at this early lime the 
Internal prsaaure cannot be very much larger than the external pressure, At 
the lime the temperature haa reaohed l(37ll*K, the fireball Is quite high. For 
example, at lid seconds the lop of the fireball (or forming cloud) for the 1-MT 
yield, from iq, 3,127 would be at an altitude of about 13,000 feet, At this 
allilude, the actual external pressure Is considerably less than l atmosphere, 
The number of moles cf air, as estimated by the use of tho aeeumptlon, le about 
twice the original number of air nt.ims In the same volume at l atmosphere and 









UIIH"K Mini, itl' iMiurHi 1 , Mu' energy balance equnllolW do mil upcelly tin 1 origin nl' 
llm gnu uIoiuh, Hmim of llm additional nlr certainly minion from tlm volume 
nwopt mil above llm fireball nn II iMhohi iiIho, mime muni enter IT«m Hip bottom 
nlong with llm miliiniii uf null pnrtlelen Hint Ih formed li.v Mm u|idi'iiliH, Tim lullin’ 
In .particularly noticeable on Urn periphery of llm rolumiiH of (hi 1 larger yield 

(letOIHlllOIlH, 

Homo e« Minute of Mm nmouiH of llm eruler matcrlnl thill Ih Involved In the 
formation of n(i) cnn Im rondo, umIdr the crater riiditm given above and the 
oriiter depth, RAW 1 '/* feet, ns given In KNW, For the ernter volume, n none- 
shitpe Ih used, which 1 b somewhat more typlenl of the sihnpe of craters from the 
Inrger yield mielenr weapons thnn the ellipsoid of revolution of F,NW, TnlMng 
110 lh/eu. ft for the soil density gj.vpn 

M, " \ I lxl(l ll W"l" , Vm (it, 1(1(1) ' 

for the amount of noli removed from the ernter (yields In the MT range lenve 
no ernter lip). The range In the mnim of n(£) from 1 -KT to K)"-kT according 
to the model aurfnoo burnt fireball (mol, wt, 524) in l.03xlo"w (fiiln to 2,Jt5xf0"w 
gmni with the orator mnnn of Eq, 3,1(10, the oorrtiap.owl.lnR range in the percent- 
ngo of tlm ernter mass Mint formi ng) la from 8,H perennt to 18 percent, 
respectively. In terms of the model, those are the frnetloiia of the ernter ninss 
that hnvo entered tlm fireball up to t.ii and 188 ■oobmls'after detonation, 
providing no significant amount* of molted nail have fallen out or the fireball 
volume during lliln period. 

It la clear that the n(n)/V ratios, nn calculated, assume that many noil 
pnrllolea have entered the flrebnll and that" nano have loft. If h large' number of 
phiTlelea have been ejected front tlm fireball during the |s< rind when Mm liquid 
noil onn exist, then tlm computed values of ,n(H)/V nre too large, However, the 
assumption that only nn insignificant friteiion of the pnrtlales lenve tlm flrebnll 
during the period when the more refractory fission produeta bondenne nlmuld be 
valid heeinine of the abort liMejs involved, It It In ...further assumed that the 
mixing In the volume in rather uniform mid Hint equilibrium eoiu|lilous exist 
between tlm liquid pnrllclon and vapor, then eallmnlon enn be made of n(l) 

(or of n(n) If eoniplete condensation of nil the elements does not neem* nl 
temper n hirer above the melting point of the currier! from observed valium of 
the eoneeniration of fission product elements In fallout, 

The fondi'nnntlon of the more refractory flsslon-proMol elenmntH oeeurH 
lndependenl.lv of llm stale or the carrier mnlerlnl, All Mint In required in the 
proueneo of n mneroneople eowlenaed plume, lUpilil or hoIKI, on which the vnpor 
elill condense. When eoniplete condensation of.one or more of the flHHlon product 





nlnmonlM ouuiiph, llin nil to nl t||i< lulu I iininiuii nl' Hull iumihciiI In l.lvi* firolmll lo 
Uiii Inliil nmumil nl' llio olumoiil iirwftfifil In (ho lli'uhnl! voluuio in I in llir ruim 
liminl III tlm In I loll I |in t'l Inli'H furumil. In tin mu t-n gonoriil «*iimi> , IIiIh.i'iiIIu In givon 
by 


n , r , . ^,7 'p-v 

N a (i , _ # 

V Mn/vm') (M,ni7) 

In wliluli V . Ih M>n total wtiupnn yloUl ui' iiiiihw mimbur A (In iiioIuh nr I'IhhIiiii 
uqulvnlont^r), mid N. Ih thu mulii frnullun or unnountmion nl immn numlmr A In 
the fnllout pniTiuluHin (mulim nr HMHltniH)/(iiiii|o nr (tin uf noil), F<m iiiiihh uliuUwi 
nontulnlng only (ilomonlH whutp kamuouh h|jouIuh..u,wi„.Uiihh yulnulu limn the mirrlui, 
thti Mummaiton term Ih uquiil 

Fnr IlivoHlIgulIng |iiiHHlli)ii Union mid UtiuiJurutui'tiM nl, wliluli u givun oltimoill 
uoiidtniNoM, I'tulIncihomiaal dnlaun lliofruotloiuHud huirh uhuliiH nrli ruijtih'uti, In 
thlw ouun, thu bolinr oHlImulu of n(f)/V wmiUI rdtHill whim fcho Humiiiud lurm him 
vnluoH botwuun ti.il unit 0,8, tllllorlpuiuly, no unoiuH»liiucl (lni,u nru nvulhiblu on 
frnotUMWtucI dhAlimfor uhu tnimlvlityf Bq. tt.Uff, SunurUhin. lniHuel tin Mis p 
aiiBlynuH In lormn of riMHkmm mid utliur muiwnmulminUi, -iihb tivullittilt) for mulling 
rough ostiiTiHluH of h(f) ni; n(*), mumming tlni liumn ill)dhnln hutl oumiiloiuly mni 
duiumd whflu fell Uvu full mil .forming purtlolun worn prununti Hiuho ditto uru Hum 
-mnrlRutNnTnlilali.il. 

Thu flrPnll yolumiiN nnntl iiionl mil turn thu Fi mhI on■mincHTfrbrivVfoiiM uf - ’ 

Tublu 13.7 wuh thu iofirK vnhirnu for thu miKluj muiTnou burnt, Thu only ilnln 
dlroolly npplluublu for unmpu rlmm with inntloi pu'l-uou burnt ooliniiutlnti* «i'u 
ihnnu uf thu npurntlun iliingic "H" Hhni, Homo urror Ih ilivnivud In ihu tiMi.itiint.tiH 
uf thu fnolorti timid to uunvuri thu M, (J ) viiUiun to 1/N (|1 vuIiiub u|i|iliu«blu to 
thu rufniulory tilumunhuJLlMo, ntimti biim Ih iifiruduotKlibuttgiiHU thu NtimpluB 
from whluh thu M ( . <i) vnlntik worn tlurlvtid wuimi known In uonUihi Huinu unknown 
fruullmi of hnubgronnd Hull, not liillMibwhloh would loud In imiltu thu ciiilpiiJutud 
vnluoH of n(f) or n («) high. Thu fiinlnr-uMwii-tHffiirtniau |.*uIwtiuii lluiJiliitn" und 
thu modul vnIuo m uoiiId bu ruennollod on. thin bimlH nlonu. Thu divln I'rum ihu 
otliur hIioIh worn InuUitlutl only locmhlbll dlfforonoon; no flruhnll nmtlul Iiiih liuun 
(luvulopud for thorn iih yul, 

Fnr thu iindurgruuiul Hlint, thu limbiill vuhimu from Ihu mtidul Hiirliiuu burni 
Ih iiurlnliily Inrgur limn Ihu iiotmil gim vnlumu wuh ui |il7li"K. Thuruluru flui trim 
vuliuj of n(t)/V nr'ii pO/V for tin undurgruimd rlulmmlton would liu uvun Inrgur 
limn Hint uf Tnlilu ll. 11. On Ihu utliur liniul. thu HiimiiliiH from Wliluli tliu M, (l) 
vuIiium worn (Intomulmnl ooulnliiocl mum liiinkgriiiiud Hull, not fullniil, Hum Hiuho 
from Ihu mirfiuui Hlml, llowuvor, Hm iikuuhh wiih priiliiilily nut n fiiutur of ivvn 
grunloi. ho thu Inrgur vnliiu of n<()/V or n <h), V uuluuliilod lor tlm mului'gi'uiiiicl 
hIioI rniiniHuhlH ii mill uhuuhm uvur Hull of Hie Hiirliiou ulmi lull.ml, nnd II omilrl 












'Ilii* fireball volume id dm l«w tower shot hIiouM In- rcaaoitnbly near thu! 
a I the surface IhiivU Tin** lower value ol «(#|/V (( <■,, tuned piir<lclnn) In thin 
CHAP is mainly due In height ol bural; a Irw iilr Imrnl ill the nntoo height would 
tie expected l« have even lower noil concentration#, Kvon with these difference#. 
Hip cab uiatod value ol n(iT)/V in loan ihnn n factor of Iwn from (lint of I he model 

In (ho ease of Hip coral detonations, Hip sample# contained'tirdh fused and 
irregular particle#, hence a largo (motion of the flaslon proddei element* 
proton! had condensed on (Sir- solid Can pa rile-lea. The model values of «(f)/V 
again agnse with Ihe observed data (In Shis onto n(s}/V) within a factor of two. 

All (he obaerved data (or (ho (n I laid Irani a near aurl'neo dolnniiilnn *hnrr more 
than one tamptfl or datum point it available, show (he derived «(#)/V or n(a)/V 
value# lo have a spread ol about a I actor of two. Since the valiiot calculated for 
(he Ideal surface twrst fireball model He within tlila range one concludes (hat 
these owicontradons can Ik- estimated from the model with atioid (ho same 
reliability «« they are known from (he nvnilnhle data. 

If the Henry * law constant* Ibr all the radionuclide* la equilibrium with 
a silicate toll were aval table, the tract Iona of each that have condenaed at a 
glyen temperature could l» calculated liy using the estimated vnluoa of (n(f)/V)llT. 
Rut While there are iamr thermal data on •Illcolc compounds, they are not 
sufficiently extensive in include many fission-product element*. No compre¬ 
hensive study has l»eii made to correlate all ihe available thermal dnta on 
•Ilieal* material# al high temperature*, a* haa been mndo of other compound*. 

If. (hi* latter data yrerc cnrefuliy studied, perhaps Ihoy and other data eould lie 
utilised to make reasonable estimate* ol the v apo r nrn*iur«g.nr many of She 
important fission-product elements over a molten soli mineral. 

In order to teat Ihe model ol the eondentatton process, and to estimate on 
a relative basts of Ihe fraction* (hat condensed, ihe following compromises 
with rwslliy were made; 

(I) The Hasten product, lit os I tie or other compound, forma nn 
(deni solution in Hie molten silicate gins# during Ihe Ural 
period ol imiulen«ni|nni 

(») The carrier material la non-tcncilvc, an that no comixnmd- 
formation wHh Ihe fission product elements or ox Idea 

occur* i and 

(3J Tie' gwseow* specie# of ench lission-producl element (wllh 
a lew except lout) Is, in Ihe presence of oxygon, Ihe snmo ns 
Hint which t# In equilibrium with lls own liquid or solid 
oxide. 




I''itr ninny nl Hit* Un-don produrl , Mm IIihI ooinpronilHi*, nr 

spoollli'i m, Ih jici'hiiiiM tf >n miiiii1 1 1 1 •, lii'riiiim' mmiy oxides do Inrin Molplloim in 
silieate ft. - Mm nnil. In ihln ciino, ihe solution |h very illlule Tht> Hceond mid 
Hill'd eompronilsns merely Minin I In* pi'cmlsc on wjdrli niininnli'idlniiH, In (lie 
liquid mid vniHtr slide, respectively, urn computed. The* mlm|>lICU'iitIon nl Hie 
liquid-vapor phase system to n sol nl idnnl (minikins menus Hud (tin milulinn 
behavior I* defined hy HiiouII'm law, rntlier Hum Henry's Inw, mid Hud the vapor 
pressure nf (he gaseous species, I, nl element |. Ih glveil by 

Pi, N, |»V| (H.IIIN) 

where p'|, In the vapor pressure or Ihe gaseous iilnm nr molecule over tlu* pure 
eomiKiuml In tlu* liquid nr solid stale m the mime tcmpernlurr, rind N, Ih the 
nude frnolInn of iho pure compound In the molten anil, 

In the real ehemlenl system, many of Ihe flnnlnn-prmlilel oxide* nr oilier 
compounds would certainly exhibit significant deviation from Idofll behavior, 
even nt lowcqnconl rat Ions. In (ho eniio rtf the liquid silicate, jim ii oondonslng 
surface, II might tie exported Ihnt theme element* wlume Ionic ««tinmeter differ* 
moil from thwf of 81* 4 would probably deviate moat from Idnnl hnhnvlnr, The 
elements expected to deviate.most ..woiild therefore bo those of the alkali metals; 
However, similar oxides should give ximllnr deviations, so that Hu* relative 
values of pi, for similar oxides ahmild be In the. same numerical order as the 
Henry's Inw constants. 

There is one additional fnutor that el Hulun tea, to some degree, the 
requlremeni for knowing thh vnpor pressures of nil the elements over ihn 
condensed phnse In n high degree of notnirney, In the oendfuiBatlon equations, 

Hit* value of r 0 (A) varies Inversely with I t pt,/< (n(i)/V)HT). where k, Is 
replaced by pi,, The value of the sum of n series of these terms depends on the 
value of pi, relntlve to the vnluo of (n<f)/V)MT. If the ratio, gljveii by the second 
term, )* less than IMIOI, (hen Ihn element Is essentially I Oil percent condensed, 
mu! H Hie second term is more than about non, the fraction condensed wlll he 
negligible (l.o,, Its contribution to the sum noHvlty will In* negligible), In the 
enses where the value of iho second terms Is outside these lliiijis, no accuracy. 

In Ihe actual value of pi, la required, The greatest accuracy Hi Ihe |i|, value Is 
desired when the value of ihe rnilo is nnnr unity. 

The vnpor pressure dnln for Ihe nssurned vapor I Kilt Inn, or eondenanllon, 
reaction* for llicjninny elemenls considered are given, In Table ilia, in terms 
of empirical const nuts lor Ihe equation 


l"H Pi, 


A 


it i <: 


Cl, Hilt) 




wIiiti' |n", Im in A m ml H are «>ni|*lrl«*nIly-Tlliml (•oiiMl.mil m, nod 

('■ (a,,*-*) Inn l J (U„) (11,17(1) 

hiiHdil on I,Itn volttil 11 Kiitlori I'niii'lltm of I,ho eoriiicnsml oxide, M v fl, , according l,o 

H) J M y O,(c,l , nO- M, t O,(g) + l!|Upi C1 H (|i) MD ' 

where* P( ( V le the oxygon -pressure In atmosphere «twl the «ij, y, s* ahrl w bob 
numbs rs. The deslgnatimi (e) ip for Fryst-al, {() le for liquid f and (gf) for 
glnas, The constant, C, determines (he effect of oxygen pressure on the amount 
of the gaseous specie* thill condo mi on. In nil hut n very lew esses, the free 
energy data for the oonden«nd phase* of the oxide* n■ reported by OoughHn® 
were used in the evaluation of the nnnstants of Dq. a.JOB, Ths free energy data 
used for the elements was that of Stull and ftlnkrl The other data source* used, 
mainly those of 'Brower mid caworkora, nrn given in the table, 

The empirical oonstant* were evaluated from the free-energy data aa near 
ITOO'-K aa wna feasible, Where tabulated data were available, the free-energy 
ohhr$ea from the linear equation wore calculated for comparison i In rnoal case* 
the deviation of the values given by the equation from the tabulated data at 
extremoa of the given temperature ranges were lesa thsn WO osl/mole. The 
estimated equation ennatanls wennwuaiiy obtained from estimates of the free- 
onergy fund,ions of the gaeaoua molecules and from estimates of the heat 
capacities for the cmulensed php.se, 

Taking Into ncoounl the effeeta of the oxygen pressure and of Che dis¬ 
sociation and/or polymerisation of the gna molecules require* some adjustment 
of the material btrlnnoe equations that were developed for the application of 
Henry's law, From the generalised vaporisation equation, the following 
quantities are defined i 

Nj * nj/yrtd) (PM7B) 

for the mole fraction of the condensed oxide In solution find In equilibrium with 
one or more gaseous species,, li 

N," = n,V«yn <a,17fi) 

fnrthe mole fraction (if the gaseous appclca, and 
Pu'NftP 


1511 


(n,i7<i) 
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NHMMA.HY (l.fl’ UMWRIPAJ., (.'< ifUNANTN" In 111 VAlM ilir/.A'I'JnN 
I1|||AC’JM( 1NM I if WSHIdN JWUlWTN AND'(iTHKW I'lM'MI'NTW 


lUwUim 

T.WIJiWOltU'l" 

Hwirc ('K) 

A» 

9»" 

("• 

Mlvn 

S/B N» # U(m 

- NttftH .1 1/4 0,® 

irmua.il mu 

.10,20(1 




i/s 

1 Nii(b).i 1/MI,(H 

1,1811-8,110(1 

*19,110 

0.811 

■11/4 tng i'f(:,||) 


1/1 K u (>(o) . , 

* K (k) ( 1/8 (Jain) 

TIHM.MN 

-18,000 

g. 1(l „ 



i/a KiiO(c<) 

- K (Kl i a/8 0,(K) 

1 (IKIO-MMI 

-IB,ROD 

1,888 

-9/8 1i,i( I'H) ,, ) 


1 /« nil,.Dill) 

* «bWM a/8 i.i,'(ir) 

Tttll- 818 

-18,1100 

1,1180 



1/s jsb.tiw i 

.» mi(Ki 'i i/i o, or) 

uiM-l .Mill 

-a Mini 

CI.MM4 

-1/9 lug Pill,,) 


1/1 Ola 0(1) 

’ 08(8') 'i a/8 0r(»')' 

Tllli-, NON 

-19,090 

i,m 



3/E 08 g P(f ) 

* DslJJli ««'W S M _• 

UftH-MiUl 

-Hi, 1.811 

1,089 

-1/8 tug 90(11,1 


M«0((l) 

* mk(b') 'i' i/i pi Hi*) . 

888-1,111)8 

-110,100 

11,100 



Mar*(p) 

- mk(k; ■! a/8 pmk! 

J,it Ho-a,mm 

r,80,414) 

M.ONI 



M*0(/) V 

MR(S) + 3/a rig.® 

M1B-SI,8'00 

-80,000. 

1.911 

• ' -9/8 i|[ii| 99(1),) 


Opft(e) 

* OMDia/iOg® 

uait-a,m 

-19,IM 

911,1111, 



Gua(ti) 

» cm® a a/BDg® 

i 1 wo-B.,onn 

-91,000 

maos j 




1 CM® t.a/8 dig® 

8,800.1),81)0 

.81,1.68 

8,1(10 

-11/8 9(18 ITlftl#) 


Bl'CI(l’) 

- KjUtfii a/Bo„te) .. 

1,098-1,1(80 | 

.00,8(10 

Bn,111 ! 



WO® 

- ilia') 'i a/a ri.ijr 

1 (0#0-»(000 j 

.01(010 

9,880 j 



BrO(r 1 

* we® 

11(8811-aoDCII ! 

.111(0(0 

1,800 



_ Bftun 

* mpirh a/a®».tei ! 

a ,tii(i-ii, son : 

-111,000 

0,808 ‘ 

-l/ijMgJWi»i 


(HlO(ti) 

« »M*)H/»Oii‘(«) j 

8(0110-8,18(1 

-811,11)0 

0)881 

-1/8 Ho* I8(1n,)) 

1,90(1 

»*0(r) 

- 'HMD® 

1(01)0.1,180 

-10,080 

9,191 



I JH»ll(M 

» Mil.® H i/B Clyde) 

1,180-0 (««0 1 

.81,800 : 

. 9,1100 

-a /a till i'(u v )" 


*l»PI(f l 

* Hiii%) ! 

8,180-8(000 

-80,000. 

1I.RR8 ; 



*nei(p.) 

» Rn(R) t'j/aftg® : 

800-1(000 ! 

-89 (Oil) 

' <9,881 

-9/8 1(K| (Hfri ji 

18,9981 

«nO(p) 

• l.nOIRi I 

1(1100-1,.0(10 

1.18(000)" 

10,1101' 



ClilC1||i) 

* mi®*a/a n«(if) 

11(1100.1(000 

.110,111) ■ 

111,880 

•; /s ina i‘(i, i i 

HI 

»(MW Ip'll. . Bill.) » t'(.(K) 1 ll.nUBUdlm ; 

n,miiM,iif)o 

-08,81111 

10,99 8 J 

*91,880 Irig HfliJ 

II ,11 fill 

H rOlltl 1”I1 „,| M 7 t=U 

■)- MB« IMIBB Ou® 

ii i(ii)o-i(Ooii : 

-08,19:0 

0,808 j 

-II.BSO 1(18 Wl'g j 


i/ll i'll ail, (HI 

i i"f(a)" M/n Oii'Ik) 

9 (IIIMM ,KT[], 

.11)1,01(1 

9.8,1811 

: -B/fl liig lid) ,,.1 ! 

1,«10 

:i/nt»t'i,n,(/) 

« i'ii(K) a a/ii n n ® ; 

1,0111-8,00(1 ■ 

.119,(19(1 j 

90,808 i 

-I/O 111# (ifl 1,,) ' 


l/ll’YiiP, l|i) 

'1 vnisa ■! .1/4 

1,1)011-8,110(1 : 

-94,ooi) 

'u'.o*k ; 

*1/9 1(111 IT 1,,] , 

9(nTin 

1/8 1.11 n (l H (<.) 

» -lJiri(K) •! i/N 

1/11)0-8,000 ; 

-4 0,81(1 : 

I'll, 008 

• 9 /4 lug I'fl 11 - 1 : 

0.MI1I. 

a/a TM'ii t i H (i 1 ) 

- 1 W(»l 1 1/8 l lg («) 

1,000-8,800 

1.00,(111(11 ; 

18,7811) : 

-9/9-lufi jl'li i„ l , 

ia,9fi(ir 

I'll Nil gO II 1(1) 

* Noll i||t) i |/<| 1 1 ,, (Kl 

1,000.8,11110 ’ 

(-118,01(11 : 

(111,0471 : 

• 1 /)| lug 1'[i > M 1 



Util 






Tnlilr ll.il (<.'iiii(inui’iii 


ItinulKm j 

1 ■ ni|«rnturi. 
IttHV CK| 

0- 

ll h 


-4 


1/8 Pm,0,(e) 

- Pm(J«H 1/40, (0 

i,«au-a l n«o 

1-111,8101 

(4.4141 

-1/4 lii« M((ijl 

■it JKlO) 


1/1 Kin ,<(,<») 

• #mn<»l < l/(*J,(#t 

1,(1(1(1-8,110(1 



-1/1 log l'((l,l 

(5,8001 


l/lAl,0,(s) 

A1,G,4«) 
1/* Al|0|(e>. 

Al,0,(e> 

I/»AI»Oid? 

i/a ai, o,(*t 

* Alow * l/4 «, (!) 

■ ai ,fH#i * o,m 

* Aid) on 

* A!,<Hll * 

* Alow * i/4o,>qn 

* Ali«#l • G, HI 
- AK«t »#/# o,((n 

| ,000-8 ,9*8 

l,00U-a,i*» 

1,10(1-1,104 
M»u-n,«w 
1,180-0,1(10 
a,«oo-s,«oo 

"41,1 IS 

-n.uio 

•88,'/SO 
-04,000 
(-41, *101 
(-10.0*0) 
(-40,1(10) 

11 .801 

14.040 

14.700 

(U.pni'i) 

(10.1881 

(14.4011 

-1/4 log !*((>,) 
-lug MiG.I 
-11 /4 In* M(( »Jf ) 

-i /a log i'(fi{ i 
• i/4 ini P»f»« ) 
•log Pin ,) 

-B/4 log P{0,| 


- 

l/lO*,«,(*| 
fls.Orfo) 

* <uo«i * 1/1 0 ,( 1 ) 

- a«/ io,(ii 

1,00(1'. 1,0(1* 
1,000-1,000 

-41,180 

"45,110 

11 *18 

14 804 

-1/4 log Min,) 

-8/4 iog l’(H,) 

1 ,um 


1/11*1, 0,44) 
l/lMg a,flu) 

- IM3KK) * 1/1 G,<|| 
i"«i * if* <>> «t 

1,000-1,000 
1,000-1,OM 

-41,140 
-SC,', .V. 

11.488 

13.040 

-1/4 log MIO.I 

-a/4 lag rro.i 

1,800 


1 A*/l|«i 
l/IAMM'l 

•* a#, a, an 

•« A*0(|| *■ 1/(0, («) 

100-1,000 

1,040-1,000 

• 1,818 
(-18,010) 

8.018 
(7.*4*1 

-1/4 log Pin ,i 

810 


1ft. 0»W) 
1/1 Mb, 0,(1 

* A»,0,(|) , 

. tftCXgl *1/(0, («l 

m-1,000 

1,000.1,000 

- ,1,144 
(-11,4101 

1.148 

(1,718) 

-1/4 log P(U,I 

01* 

' " i 

atoa w» 

*iw, id 

• lfOI*| M/lO, l«| 

- *ro, «i 

1*00-1,100 

(*(10-8,100 

■«o, m 

-40,180 

I1.4W 

1,08(1 

•i/a log P(o, j 

1,11110 


> c*c,« 
c«*>, (vt 

«*0(*| * 1/10, (11 
• CK», (#1 

1,000-8,110 

1,000-8,110 

(-41,010) 

(-11,880) 

(14.1011 

(5.5041 

.l/airj#M(Ci,| 

1,110 


HO , (r) 
l»Q, <<1 

W, (el ♦ 

. uo(irt * i ft o, <•» 

* WO, tt» 

1/10, * W,(R) 

1,000-1,010 

1,000-1,010 
- 1,000-1,010 

-11,84(1 

*81,010 

-11,11(1 

11.041 

0.844 

4.001 

•1/1 log Pin,) 

<i /a log Pin,* 

9,8*0 


am, (ri 

«0i (*» 
•10i(ll 
#10, </) 

■< #io(|i * i/i o, di 
- #10, (#1 

• iKKH* 1/10,1*1 

* #10, <J| 

1,004-1,000 

1,884.1,800 

1,800-1,000 

1,800-1,008 

-40,180 

•11,810 

-91,480 

-11,110 

11.400 
M08 - 
19',801 
1,1*4 

-i/j log Pin,) 

-1/8 l»i Pin,) 

1,080 


o*Qi«n 

«fOr«l 

* fleotti * l/IO,ttJ 
« tHKJdH l/l «»(#> 

100-1,000 

1*00-1,000 

-11,180 

-91,410 

11,810 

11.111 

-i/l log Pin,) 
-l/o log Pin.) 

1,000 


100 ,( 0 ) 

#mi,(n 

. #no(ii * I/a o,(«) 

• fc*0(|M [(/«u,dl 

1,000-1,101 

1,101-1,000 

-11,480 
-a WHO 

11.71* 

11.400 

•v/i log Pin,! 
-i/a log Pin,i 

!,N0* 


n*K*,(*'i 

. RtM'HlI N 1/1 0,(11 
*' ««(*! * «*«) 

i,ono-i,nau 
1,(180-1,000 

(.11,1(181 

-48,900 

111*011 

-i/a log I'm i,i 
•log IHO,l 



!/# 811.0(e)* 

1/1 Ilh.Od'l * 

1/1 l>i(*l - mo(«l 
i/4 0,(«i « muMii 

l,000-a,0IH» 

1,000-1,10(1 

(-18,0001 
• 11,080 

(A 010) 

• 1/4 log lilt, | 

• 8/4 log PM',1 



StO.ifi 

NKIntf) 

• wiMSl 

- iwmii < i/a o,wi 

- HM'lgl * i n o.lll 

iuo*. i.ooo 

1,000-8,000 

(-10*80) 

7.044 

10.104 

(135111 

-I/# log Min i 
-in Irg tin.) 

8«8 mi* 



181 







rungti m 


rail" i.iiihi 

-00,0711 

!9.HH0 

-i/a Oik i>(fi^) 

1,0011 


i ,nnn-a,o()i) 

(-10,100) 

(0.0110) 




1,000-1,000 

(-110,000) 

(10.17H) 

- 3 lull I'll), ) 



1,1)00-8,000 

(-11,100) 

(II.*00) 

-i/a lug i'((iji 



UKii),4,tan 

-40.HI0 

lit.uoi 

-11/4 lug 11(11,,) 

,, TBB . 


I.OOO»l.70B 

-00,470 

i 1.9011 

-1/4 lug Pin,) 



1 ,700-8,000 

-40,000 

14.911) 

-!l/4 lug !»(()„) 



I.TMfl-a.ftOO 

-10,000 

0,701 

-1/4 lngP(n a ) 



*00-1,004 

-17,01)0 

14 1117 


I,unfl 


*00-1,00* 

-90,4*0 

17.040 




*00-1,00* 

-10,077 

10.047 




1,001-1,000 

-01,000 

10.0*0 

- lt>gP(0,) 



,1,000.1,OHO 

-04,7*0 

10.140 

"i/a lug P(ri, 



1,000-1,000 


7.070 




1,0111-1,000 

-11,0*0 

0.040 




1,091-1,000 

- 4,790 

0.001 




1,00*. .1,000 

- 1,10* 

0.400 




1,060-8,000 

+ 1,001 

-9,040 




1,091.1,000 

-10,910 

0,910 




t, OH*.1,000 

*19,940_ 

_ 9,410 

+1/0 lug P(0|) 



1,MS-1,000 

“ 400,0 

0.047 

+ l#9 P(D|) 



1,091-9,900 

411.040 

-0,001 

+B/ai#iT<D,) 



1,00*.1,000 

+81,110 

-4.10* 

+1 log Pin „) 



t,oo*.a,ooo 

+10,000 

-7,700 

+0/1 log P(0,) 



1,000-9,000 

(HO,oooi 

(11,007) 

-1/1 log Pit);) 



1,000-1,000 

(-mwoi 

(1,034) 




109- 0*1) 

■ 0,01)0 

0,110 


000 


*00.1,00(1 

-17,410 

0,014 


1,000 


1,000-1,000 

>10,000 

0,001 





f 


000-1,804 

1,104-9,000 


;u,«M 

-10,7** 


0,044 
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('(»nililnlti |4 t In 'Hi > will' Ki|. :i.h nlviv 


k, (ii.i7.-i) 


whom kJ'j Is NillmlHull'll lur p,", / |(n(f)/V)HT.J 

Those definitions, lo«n1 Hit with line of IHhwII'h Iiiw mill ||u< midorliil bul- 
mice requl remolds, i'l'Mull In Ih«* value of k'j defined Iur K«|. .'1,117 In Ih» given hy 




The vn lues of Xi, nro given by the liiflivliluul relictions In Tnhlo Mil, 

At tlio tempornturoof the soil molting point l.e., nt tho oml of firm period 
of oomlnnaiitlon, the gnsos that delormlno the tutu I irrussuro nro tlio nitrogen 
and oxygon of the nlr. Tho pnrtinl pressures of nil the other mntorlnla nro rel.r 
atlvoly small., In tlitMtindol suriiiow burnt, relatively largo amounts of noil nro 
uonsldorod to Uo vnporlml ao Hint tho vnpor products of AI,o YI Nn*f», nnd 
H|0| nro.Introduced Into tlio ftrebnllj The Al a o., ,_wJth u boiling point of nlimil 
ODftO'K (In l ntmosphoro of oxygen) would start vnpor-oondonslng nt this, nr 
lower, tempornture Into liquid drops. In doing an tho A 1,0,, would co-oondenab 
nonto of tho Iona volatile fissionproduct* which com I d not vnpor- coihIiwsp 
othorwlao beenuse tholr Indlvldunl vnpor proaiurirwould bo lower thnn Hint 
onicuintmi from thcninw ni inbio Mg. Thoso small vnporH'inideMciTTUjjTl,; 
drop* tnny aolldlfy, when they cool to nbout gnoo K. or they mny combine with 
tho 8 | 0 | liquid drop*, thnt nro forming id; nlxnit thin tompernture, to form 
nlumlno-slllcnte liquid dropa, 

Alio, tit those lower temperatures, Inrger Moll piirtlolos entering the 
fireball cnn exist In the liquid slid,a nnd would dissolve nny of those small 
pnrtiqlos they collide with. In n very short time the majority of those small 
particles disappear. In the meantime, the more volntlle fission-product 
elements nrs condensing Into nil tho liquid pgrllolos present nwiordlng to their 
vnpor pressure equilibria with the liquid phnse, 

If one In Interested In the oqufllbrtn conditions nt the higher temperatures 
when the pnrtinl pressures from the soil constituents are high, then those 
constlUieiils must Iw consUkirod nnd nrtdod to thn pnrtinl pressures of N a , O a , 
nnd possibly O. Ilowovor, If II In nssumod Unit no pnrtlulos leave tlio flrobnll 
before the end of Iho first period nf condensation, then II ..suffices lo compute 
the fractions of oncli rndloelonient comlonsod at tlini Inslnnt. At this time or 
temperature oven the pnrtinl pressure of the Nn g o (or No) cnn lie neglected, 
This nssiiniptlnn wns followed In the foregoing cnnipulnlinns. 


The wiiI^I iIimI vnlni'H of the IIiioiiII'h low imiiihImiiIh. nr viipor pressures, uf 
nil Hip rloiimnls uf IiiIpiohI nl III7!J"K urn Himuuin I/.piI In Table !l,illi nn oxygen 
|i ichhii m uf ii,U iilmoHphn o WiiH used III llm t<n IfiiI M11<ill , Tlm Lwn m in hiih nil 1 
mnniH hove HHHtiiiH'il Infinity values buuuuiic II Ih exiioelud thnl the fraction* 
nf Hiuhp elements condensing In the molten H ln HH would •»' negligible, Tim ntlntr 
olniimnlH Hint nif Indicated iih nnl fully, condensed In ilm Ideal solution lire do, 
Ah, Hi*, Hr, HI), Mo, llu, (HI, Hit, To, I, nnd Oh, 

If iiii currier material were present In tin; fireball with Urn fission product 
elements nml If nil worn In llm vapor nlulo at I(I7H"K, Ihuir partial pressures 
uoukl bo estimated fmiUMHC of Ilm purfoot gas law using Urn enlotilnUid volume 
of lint model surface burnt firobnll nnd tin; yield factor of 0,5 melon uf fission 
products per KT> Tim calculated purl Ini pressure* for n N-MT, yield surface 
burst fireball arc shown in Table ii.n for same af llm more nlmhdnnt fission 
product elements, T|m nloni porn on l abundance* wore taken from the tabulations 
of Hollos nnd Hnlloti!". df all llu> elements listed, only Hr, I-a, ami Tit would 
have ooiulcnscd to a solid stale at llm Indian led tlmiporaluru nnd tlspio.' 

— In order lo toat the effect of weapon yield on tlm fractions of each fission 
product nuclide condensed In tho.Ideal solution as previously slnlud, and-period 
times of 0 nnd no seconds wore so loo led; these ooi'respond to yields of nbout 84 
and 1*1,000 KT, rospeallvely. The r« (A) enlaulntlons warn mndc by rearranging 
Kq, a,40 for the Independent miolldo yields In terms of 111** fissions so thnl llm 
dnla of Holies nnd Hal Ion." 1 could bo used without ounvur(|k>h to fmotions of tlm 
oho la yield. Tlm ehuln yields derived from (Heud unln's nostril n tc wore used. 

The calculations wore made from the ehuln aumniatioim according lo 


<Ait) Nj (A,t)/( I Chf) 
»,N,(A,t) 


(0,177) 


where N, (A,l) Is llm number of atoms of element, J, of mass number, A, pur Id' 1 
fissions present nl lime, t, after fission, Tlm vnluun of (n(f)/V)HT, from the 
data of Table ll.llii lire iM'Isllf* ntmosplmru for tho 8*1-KT yield and U.iiftKlO" 11 
atmosphere far llm 14-MT yield. Tlm an leu hi led vukms of r„ (A) for unuh nu¬ 
clide contributing (o llm gross activity at *1(1,8 minutes after fission arc given 
In Table li,lh, It may be noted that (he fractions of llm Kr nnd Xu Isotopes eon 
doused aru not sere, This Is because It wns assumed thnl those, ns (loony pro- 
duels of Ur nnd I, do not readily esonpe from Uic glass after It Ims solidified, 







Tni>li' :i, in 


HHMMAHY OK liAOUf.T'H MW CONHTANTH KOH TIII'I (lANKUUM HI'I'IOIKH 
OK THU KIHHION PHOIHIOT ANP nTIIKR KMflMMNTS AT 1117 ,Tl< 


Moment 

Pj(ntmna)* 

Element 

ji,"(nlmnH) 

c« 

0.04x10 11 

A« 

2,70x10 :l 

7, n 

a.oBxio 11 

c«i 

0,332 

an 

0.75x10 11 

In 

a.ooxto 11 

Ho 

0.420 

8n 

1,142x10 1 

An 

1,35x10" 

8b 

1.B4 

8c 

1=01x10° 

To 

4,04 

Br 

1.04 

1 

2,20 

Kr 

H h 

Xo 

M h 

nb 

0,003 ' 

Cm 

1,88 

Hr 

4,01x10 M 

Bn 

»,04sl0" 

Y 

6,76x10’ * 

La 

3,53x10*'" 

Ho 

4.54x10" ,rt 

00 

4,38x10** 

Nb 

2,07x10 7 

Pr 

s.aoxio- 14 

" Mo . ./ 

13,112 

Ntl 

3.20x10-“ 

To - :i -■ - 

5,26x10"" 

Pm 

1.84x10“ 10 

ttu ? 

1.14 

8m 

l.aixiO" 7 

Rh 

1,08x10“" 

U 

8.30x10*" 

Pd 

l.noxio- 41 




n, a &'|X|,p"| 


li, Taken to b* large 10 thnt tho fraction oonttonaedlsnegllglbla, 
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Tiihlf >l,| I 

UAIAtlbATHD PAHT1AI, PUKHHIIHKN AND HWPtlilHHWM PAMTIAI. 
PUKHWIHRH OK NOMR-UI'TIIK MOM I 1 ! AIU1NDANT KlHHION IMHmiK'T 
I 1 ! III'! MR NTH 1)|HI*KllHKI> IINII'OHMLV IN TIIK, MODI?,I, 
HIIIIP'ACR-HUHHT FlUBTlAtil, AT HI7ICK Km A 
FIHHION YfKIit) Ol? 14-MT 



Poi'iiunl NumlicM 1 
„ of Atomy lit 
! 1 min. 

Purllnl IM'phhih'h 

In Volume 
(itr" nimoN) 

Pni'tliil Pi’immii'y 
Ovor OxlUn 
(iilmmD 

Hb 

"• 5 

1.1) 

i.a 

flB 

— B 

- I.li 

11, B 

Mr* 

8 

ii. ii 

'1, (lx UC 111 

"lift 

7 

a,ii 

a.«xi« ".. 

l,U* 

-1 

i." 

11,5x10 

Gu 

(1. 

u.u 

4.«In 10 h 

Mb 

•1 

' 7 1,5 

'b.iia 

/i" 

' ... " ' 

11.0 

, i.iixitr^ • 

Nil. 

II. 

a.a 

ruiKir 1 

Mo 

B .. 

II .0 

.. -i,a 

T« 

. II 

• . ■!' U.il 

i .ii 


*I'iU'im'iUM (hut wiiultl hnv(.i:fni'HHMl ii immiiIijiinuiI iihimo from iho vii|mh' at la'firis 







Th« moHl oximt irmthod of oompullng Urn nmoiiiit of <moh rndlommlldo 
proNcnt (mid Mm nativity) for n given number of fissions would ho to it ho Min 
vuliin of y | (A)/(l ikj') for oHcih nmi ilm appropriate decay fonmdu for the 
production of Ilm daughter products, Hut to Himpltfy Ilm computation proem ss, 
the calculations worn made by direct multiplication of tlm r„ (A) value* mid Mm 
single nuclide d/s values pur lb 4 fissions mid Mm disintegration multiplier* 
ns given In Table II,It), Although Milts procedure gives hlglmr vnluuH for Ilm 
daughter product* in each chain, Ilm tirror decreases with tlnm. Compared 
to other possible errors involved in the computation, tlm error dim to thin 
approximation In rather Insignificant. 

For example, at Qu seconds tlm Initial fraction for Sr-au in 0,010 which 
increases, after i’ib-H[J decays out, to G t 03Qn, in the exact method of computation, 
the latter value Is reached by 8,8 hours, Tim r n (00) value for 8r-li0 Is valid 
from SI,2 minutes and the r„(140) value for Mn-MU Is csnntlnlly vnlld at 00 
iseconds. The multiplier* of Table ,1,10 are from decay scheme data available 
up to abnut 1080 a* Indkmted by Mm references given In Mm table, 
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Tnliln 11,18 

1 Hiniuiiiiry Ml rn (Ai ViiIuoh Al Ii HimI 00 Mm'iiiiiIm Mii-r MmOiiii I ni' 

!, i-'iMMlim I'milui't NucIIiIiin Thul I'linli'llmlc To Tlii> (Ihinn Ai llvilv 

j At 48.H Miimlon Anil Mindin' Tlimm Alim* I'lmOtm 


Ndollilo 

IV, lAl 

Niiolnlo 

•'ii (A) ! 

Nlll'llill* 

i'„«A 



arffuPT 

WSioT" 


(II 

T (WT hoc) 


lIT HI'I'I 
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Tutile :un 


NUMMARY OP DIHINT KORATION Mlll.TlPUKHH 
POH TUP. PISHION PRODUCT AND OTIIKH RAPIONIIC L.inRH•* 


NuclRta 

JJotnn 

(Bolns 

/din) 

Photon n 
(Photons 
/din) 

Photon 

fCnnrgy 

(Mov/din) 

Air lonlnnllon 
/10-» r/hy-fl* \ 

\ dis/nW / 

Motor Ronponno 
/ift-n p/iuvfL'i V 
\ HinTnao / 

'An-72 

1,00 

0.03 

1,24 

6,70 

0,18 

An ~74 

1,00 

1,00 

0,70 

4,23 

3,28 

On “72 

1.00 

2,07 

2,81 

14,0: 

10,7 

CIb-73 

1.00 

0.02 

0.000 

2,1.1 

1,30 

Q«-74 

1,00 

1,80 

2,07 

12,4 

9,07 

C1«“75 

1,00 

0,106 

0,0300 

0,210 

0,170 

Ga-77 

1,00 

2,80 

2.00 

13,1 

10.1 

Qe-78 

1,00 

1,00 

0,440 

2.74 

2.14 

An -77 

1,00 

0.042 

0,0100 

0,0703 

o.onao 

An-78 

1.00 

0,000 

0,400 

2.01 

1,73 

A«-73 

1,00 

0.0 

0,0 

0,0 

0,0 

So,-81m 

0,0 

1,00 

0,0200 

0.117 

0.0448 

Bn r 81 

1,00 

0,0 

0.0 

0,0 

0,0 

So-80 

1.00 

3.04 

2.28 

■ 

12.8 

to. a 

Ur-80 

1.00 

0,10 

0,0020 

0,0174 

0,00420 

Hr-84 

1,00 

1.00 

1.08 

8,18 

0.23 

Kr-USrn 

0,0 

2,00 

0,0100 

0,0000 

0,0 

Hr. -8Sm 

0,77 

1,00 

0,101 

0,070 

0,081 

Kr, -flfi 

1.00 

0,010 

0,0002 

0,0010 

0.0247 

Kr-87 

1,00 

1,08 

1,41 

7,00 

0,20 

Kr-88 

1.00 

1.60 

1,80 

7,40 

3,42 

Rb-88 

1.00 

0,000 

0,801 

1 4,00 

3,20 

Rb-80 

1,00 

1.71 

2,00 

1 12,0 

0,00 

Rb-9l 

1.00 

1.00 

1,20 

| 6,07 

3,11 
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ThIiIc run (onniimn'(l) 



IldlllH 

Nmil Ido 

(lkltllH 


Alls) 

Hh-I03m 

0,0 

Pvh,-!O0m 

0,0 

Hhi“lQB 

1,00 

Rh-100 

1,00 

Uh-107 

1,00 


PhntnnH 

(PhntniiH 

Alls) 


1,00 

1,00 

o.no 

Q.4BB 

3,00 


Photon 

Know 

(Muv/dln) 

Air lend/,«lIon 
/ 10 '" I'/hr-fl" \ 
V” cll«/«uo / 

Motor HoHpmmo 
/10'" r/hr-ft M \ 
V Um/xiui / 

0.0207 

0,150 

0,0108 

0,0472 

0,983 

0,154 

0.0015 

0,530 

0,437 

0,304 

1,81 

1,41 

0,880 

5,08 

8.00 


Pll-100 
Pd-111 
Pci-US 


1.00 

1,00 

1,00 


0,0 

i.ao 

1,00 


0,0 

0.83 

0,0037 


0.0 

n.oo 

0,0335 


0,0 

3,00 

0,0 


Ag-lOOm 

Ag-111 

As-ua 

AR-iin 

Ag-UB 


0,0 

1,00 

1.00 

1.00 

1,00 


1,00 

0,11 

0,85 

0,000 

1,08 


0.0I2BR 

0,0880 

0,843 

o.oaoa 

pir 


0,178 

a,,175 

4,59 

0,158 

1,28 


0,0338 
fr /' 0,134 
; 3.50 

" 0,0050 

0,000 


Cda-113 

1,00 

0,033 

Cda-115 

1,00 

0.388 

QA-illm 

0,0 

2,00 

Od-118 

1,00 

0,0 

Cd~180 

1,00 

1,00 


0.0328 

0,180 

1,40 

0,0 

0,5 


0,187 

141 

«.!1 

0,0 

3,08 


0,144 
0,803 
0,08 
0,0 
a,40 


in-liB 
ift-Ut 
In-118 
In-UO 


1.00 

1,00 

1,00 

1,00 


0,045 

0,80 

1,00 

1,00 


0,184 

0,224 

3,3 

0.302 


1,12 

1,30 

13,5 

0,0371 


0,831 

1,00 

8.25 

0,0 


Bn-121 
Bn-123 
Bn-125 
Bn-12(1 
Bn-127 


1,00 

1.00 

1.00 

1,00 

1,00 


0,0 

0,0 

1,71 

0.0 

1,00 


0,0 


1,05 

0.0 

o,n 


0,0 

0,0 

0,10 

0,0 

3.08 


0,0 

0,0 

4,82 

0.0 

2.40 


Bli-185 

1,00 

1,55 

stb-iao 

1,00 

3,00 

Sl.i-187 

1,00 

■1.80 

Bh-iae 

1,00 

2,00 

flb-UO 

1,00 

2.53 

Bb-131 

1.00 

1,00 


0,455 

2,82 

0,440 

2,4 

1,00 

0.0 


2,78 

10,1 

2,70 

10,0 

0,10 

11,00 


2,08 

10,4 

2,05 

0,05 

4,75 

2,80 
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Th foln a.in (mmlimit'd) 


Nuollrio 

Bolus 
(Boln a 
Alla) 

PlmtnnH 

(Photons 

Alls) 

Photon 

Energy 

(MovAlla) 

Air lonlHHtlni) 

( 10*1 p/hp-ft* \ 

\ dia/soi) 

Motor UoHpmifin 

/Kr" p/hr-ft" \ 

T«,-iaOm 

0.0 

a.o 

n.ofum 

0,0386 

0,0084 

To, -1117 

0.01B 

0,000 

0,0370 

0,181 

> 0,0 

Te U " 127 

1.00 

o.oiao 

0,0040 

0,0840 

0.0108 

TB,-ia»m 

0,0 

1,00 

0,0070 

o.tuig 1 

0,880 

Te r 120 

a .oo 

1,00 

0.20B 

1,88 

1,00 

To,-101 

0.7B0 

3.18 

1,40 

8,42 

6.48 

TV 181 

1,00 

l.ao 

0,347 

8,08 

1,08 

T«-iaa 

hOO 

a,oo 

0,863 

1,58 

1,18 

Te ( -ianm 

0.0 

1.00 

0.123 

0,700 

0,844 

iViaa 

i.00 

1.70 

1.57 

0,18 

7,04 

T«-134 

1,00 

1.00 

1.60 

7,80 

8,00 

i-iai 

1,00 

1,08 

0,800 

8,81 

1.88 

i-iaa 

1,00 

a, 77 

2.88 

18,0 

10,0 

i-iiia 

1,00 

1,06 

0,300 

8,50 

8,80 

1-184 

1,00 

1.70 

1,08 

0,63 

7,48' 

1-188 

1.00 

1.40 

1,78 

0,80 

7.17 

X»| -131 

0.0 

1,00 

0,0044 

0,807 

0.0878 

Xo, -laom 

0,0 

1,00 

0,0088 

0,418 

0.811 

XSy-138 

1.00 

1,00 

0,0810 

0,804 

0,181 

x«[-iaom 

0,0 

1,00 

0,487 

8,00 

8,07 

xeyiaa 

1,00 

1.00 

0,884 

1,50 

1,81 

Xe-1UB 

1,00 

1,00 

1,6 

7,80 

6,00 

o«-ia7 

1,00 

0.0— 

0,0 

0,0 

0,0 

fli-ins 

wo 

1.71 

8,18 

11.8 

8,47 

do-100 

1,00 

a, oo 

_ 0,787 

4,78 

8,78 

Bn-llll)m 

0,0 

1,00 

0,007 

8,88 

B,8n 

Ha-1117 

1,00 

0,37 

0.148 

0,888 

0,800 

lin-HO 

1,00 

1.14 

O', 188 

1.10 

0,84(1 

Bn-141 

1,00 

1,00 

0,7 

4,88 

8,88 

Bn- 14a 

1,00 

1,00 

1,0 

6,7(1 

4,44 


.17 »i 





Tnbnl 11.1(1 (nniiUmmil) 


Nimlldci 

Botns 

(»ota« 

/din) 

Photon* 

(Photons 

/dlB) 

Photon 
Energy 
(Mu v/cl Is) 

Air Innlmitiiin 

( 10-" r/hr-ft* \ 
ytfi*/«eo / 

Mntitr 

\ (IIb/boo j 

Ls-140 

1,00 

3,66 

Ji’iS 

13.0 

9,93 

La-Hi 

1,00 

0,05 

0,0765 

0,400 , 

0,304 

Ltt-143 

1,00 

1,70 

2.33 

11.0 

B.B7 

La-14a 

1.00 

1,0 

1,3 

0,67 

5.11 

On-141 

1,00 

0,708 

0,0778 

0,470 

0,353 

co-i4a 

1,00 

1,80 

0,360 

2,34 

1,70 

Co-144 

1,00 

0,401 

0,0312 

0,188 

0,117 

CO-140 

1,00 

1.00 

0,7 

4.32 

8.38 

00-146 

1,00 

1,S0 

0,365 

1,00 

1.34 

Pr-1414 

1.00 

0,0 

0,0 

0,0 

0,0 

Pr-144 

1,00 

0,0355 

0,0315 

.0,163 

0,138 

Pr-145 

1,00 

0,0 ' 

0,0 

0,0 

0.0 

Pr-140 

1,00 

1,55 

1,13 

0.43 

4,04 

Nd-147 

1,00 

1,08 

,0,157 

0,908 

o.osa 

Nd-140 

1,00 

3,35 

0,383 

3,31 

1.74 

Nd-161 

1.00 

3,35 

1,19 

0.44 

4„#i 

Pm-147 

1,00 

0,0 

0,0 

0,0 

0,0 

Pm-140 

1,00 

1,10 

1,31 

7,30 

5,07 

Pm-150 

1,00 

1,61 

0,544 

4,99 

8,66 

Pm-151 

1,00 

1,50 

0,306 

3,31 

1,08 

Pm-158 

1,00 

3,00 

0,03 

8,78 

8,80 

Pm-158 

1,00 

1,0 

0,1 

4,70 

8,00 

Im-151 

1.00 

1,00 

0,0090 

0,0044 

0,0 

Sm-isa 

1,00 

1,30 

0,0750 

0,405 

0,371 

■m-158 

1.00 

MO 

0,001 

1,80 

1,80 

Sm-15(1 

1,00 

1.0 

0,3 

1,30 

0,064 

dm-158 

1,00 

1,0 

0.6 

3,08 

3,40 

16(1-1(15 

1,00 

1,44 

0.05(10 

0,914 

0,173 

Mil-150 

1.00 

0.(10 

1.14 

5,05 

4,17 

Mu-157 

1.00 

1,75 

0.623 

3,78 

3,06 

Eu-158 

1,00 

3.00 

1.3 

7,31 

5,60 


I7fi 





Table II, HI (concluded) 


Nuclide 

Retnn 

(Betas 

Alls) 

Photons 

(Photon* 

/die) 

Photon 

Wnergy 

(Mev/dla) 

Air lonination 

/10'** r/hr-ft“N 

V rils/see / 

Meter Response 

\ dl«/#eo / 

Od-180 

1,00 

0.888 

0,0721 

0,430 

0,328 

Tb -101 

1,00 

0,50 

0,0207 

0,123 

0.0B70 

U-837 

1,00 

2.77 

0,800 

1.13 

0,808 

U -200 

1,00 

1,00 

0,0641 

0,388 

0.218 

11-240 

1.00 

0,0 

0,0 

0,0 

0,0 

Np-ano 

1,00 

2,07 

0.188 

ur 

0,700 

Np-240 

1,00 

0.48 

0,352 

2,07 

1,00 

Mn-B8 

1,00 

1.47 

1,76 

9.40 

7,17 ■ 


a, R«f«renne§j (!) C, F, Miller, noaponao Curve* for U8NRDL 4-ot 
lonlMtlan Chamber, U8NHDL-TR-1BB (1057) 

(2) C< F, Miller, Propneed Decay Schemes for Some 
FiiPlon-ProduoUnd Othar RadlonUolldes, U8NRDL* 
TR-1(10(1887) 

(3) C, F, Mlllor and B, Loeb (Ref, 12) 

(4) P. p, La Riviere, private communication, (July 1080) 
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In making the decay rata noinpuUUcilVH, the data tit' Holloa 14 ml Bullnu 111 
lutaucl on (llandonln's postulate of Independent yields furiha slow neutron fis¬ 
sion of U-838 were used ns thu basic input tints, As disoussad in lection 9.4, 
it is assumed that the fractional chain yields are the name for all fissile un¬ 
til Idee no that the disintegration rata par fission of a given nuclide from such 
type of fission differs only by a constant. This constant la the ratio of the mass 
chain yield In a given type of fission to the mass chain yidd In the slow neutron 
fission of this constant is here ceiled the chain-yield multiplier, 

Where the decay schemas of fission products are known, gamma ray 
characteristics can be calculated. In this case it is convenient to give multi¬ 
pliers In terms of the characteristic emissions per disintegration of each nu¬ 
clide. The multipliers for the gamma ray energy emitted, In terms of Mev/die 
and r/hr at 3 feet above an ideal plana par dli/ieo per «q ft., given in Table 
8,le, arm ones of ohief Interest for use in these calculations, 

The results of ths computation* of the disintegration ratoa, photon emie- 
aion rates, photon energy emission rates, end sir ionisation rates, for time* 
extending from 40,B minutes to 20.7 yeari after fission for the fissile nuclides 
U-338, U-838, and Pu-aaa, are given in Table 0,17. The uee of Kate off's 
yields 11 (adjusted) for thermal fiasion give dieintegration ratss that are almost 
identical with those of Holies and Ballou, The air ionisation rate (U-H36, ther¬ 
mal) is elHO vary doss to that of Reference Hi at 1,4 hours, It is about S per¬ 
cent higher .and at 3.8 years U ie about H-peg fl a at low e r, tmaal rama fluctuation), 

Dolan 19 - u calculated the disintegration ratei and photon emission rstos 
for 14-Mev neutron fission of U-33B, The ratio* of tits calculation* far B Mev 
neutron fieslon of U-888 in Table 3,17 to Dolan's values for 14-Mev neutrons 
are given in Figure 3,4. It ma; be noted that the disintegration rates arc with¬ 
in 6 percent of esoh other from 1 to about 950 hours 1 the agreement in the pho¬ 
ton emission rstsa is not quit* a* good, with Dolan's values being mere than 10 
psroent lower after 40 hours, The maximum spread is +8 peroent at (76 hours) 
to =12 peroent at (2,300 hours) for the disintegrationa-per?second computatione, 
and>3 peroent at <7,8 hours) to -17 percent at (1,800 hours) for the photons- 
per«second computation*, A few mors photons were counted in the method by 
which the data in Table 8.17 were obtained than by the method used by Dolant 
these photons were chiefly in the energy range 0 to 30 Kev, 



Tnble 11.17 


I)1CCAY OF NORMAL FISNlON PRODUCTS FROM U-235, U-20H AND 1*1-8,11) 
1. In RIh/bpi' for 10* fianDin (Cllondonln) 


__. A,c _ 1 

u»aan | 

U-9.1H 

Fn-iaao j 

Yeara 

Day* 

Hour* 

Thermal | 

Fiaaicm 

(8 Mev) 

Thermal 

.Pleaion" 



0.768 

1,016 ' 

1,615 

1,598 

1,558 

1.030 



1,13 

1,072 ! 

1,076 

1,048 

1,008 

1.001 



1,64 

0.8600 

0,0933 

0,6578 

0,0253 

o.Oaeo 



2,40 

0,4301 i 

0,4454 

0.4132 

0,8867 

0,3930 



8.02 

0,9818 

0,9908 

0.9091 

0,3479 

0,2305 



5,16 

0,1847 

0,1010 

0.1780 

0,1640 

0,1734 



7,56 

0,1228 

0,1271 

o.nOs 

0.1117 

0,1180 



11.1 

<1)8171 

(1)830,1 

(1)8000 

(1)7601 

(1)8080 



16,a 

(1)5280 

(1)5373 

<1)8201 

(1)5107 

(1)524 3 



28,6 

(1)8011 

(1)8841 

(1)8991 

(1)3904 

(1)3318 


1,40 

34,a 

<1)2087 

(1)3042 

(1)9049 

<1)2022 

(1)2002 


2.18 

81,i. 

(1)1928 

(1)1219 

(1)1350 

(1)1807 

(DW0O 


3,12 

74,8 

<2)7417 

(2)7881 

(2)7698 

<2)8062 

(8)7751 


4,57 

108,7 

(2)4787 

(2)4778 

(2)4078 

(2)5005 

(2)4982 


6,70 

161 

(2)8206 

(2)8286 

(2)3828 

<8)3448 

(2)3200 


0,82 

230 

(2)2227 

(9)2928 

(2)2247 

(2)8318 

(2)2198 


14,4 

848,7 

(2)1528 

(2)1502 

(2)1501 

<8)1548 

(2)1458 


23.1 

536 

(2)1025 

<B)190] 

(X)iooa 

(8)1086 

(3)0685 


80,9 

748 

(8)6823 

(8)6608 

(8)6662 

(8)6010 

(8)6865 


43,3 

1,087 

(8)4456 

(3)4277 

(8)4863 

(8)4544 

(8)4101 


60,4 

1,804 

(8)0872 

<8)2743 

(3)2114 

(8)8961 

(8)2788 


07,3 

2,330 

(8)1888 

<8)1784 

(8)1710 

(8)1289 

(8)1760 

_ . 

148 

8,480 

(3)1117 

(3)1085 

(3)1062 

(6)1170 

(8)1080 


208 

4,890 

(4)8162 

(4)6071 

(4)5688 

(4)7188 

(4)6507 

_—— 

301 

7,220 

(4)3122 

(4)8174 

(4)6140 

(4)4175 

(4)3722 

i.a 

488 

10,820 

(4)1676 

(4)1666 

(4)1710 

(4)8806 

(4)2166 

1.78 

860 

18,600 

(3)0854 

(5)2766 

(4)1028 

(4)1588 

T4)1841 

0*00 

242 

83,790 

(5)9010 

(5)8278 

(5)6286 

(8)6855 

(8)7886 

8,SO 

1367 

35,300 

(5)8715 

(5)8782 

(5)8740 

(5)4617 

(5)4400 

5.58 

2037 


(3)2479 

(8)3586 

(5)2859 

(6)2882 

(5)8470 

8,38 



(5)1015 

(5)1287 

(3)1731 

(5)1449 

(8)1683 

18.0 



(5)1500 

(5)1589 

(5)1,129 

(5)1036 

(8)1853 

17,0 



(5)1189 

(5)1201 

(8)1027 

<0)7922 

(0)0719 

211,7 



( 0)9079 

( 0)9624 

(6)7814 

(6)0061 

(6)7463 


176 





Tnhlo a,17 (pontinuml) 


2, In bmtnfl/»(!!= lor ]() 4 I'lNHinns ((.Uemlnnln) 



Age 

.'lours 

ti-a 

no 

U-28H 

Pu-2 

U) 

Year* 

Days 

Thermnl 

Fission 

(H Mev) 

Thiurmnl 

Fission 



0.708 

1,344 

1,548 

,1,587 

1 462 

1,400 



1,12 

1,009 

1,015 

/0.B810 

0,9432 

0,9008 



1,0-1 

0,0358 

0,0444 

0,6070 

0,5724 

0,5707 



0,40 

0,8883. 

0,4081 

0.8708 

0.94157 

0,3542 



3,52 

0,2547 

0,86147 ■ 

0.8402 

0,8170 

0.2272 



5.10 

, 0,1055 

0,1722 

0,1571 

0,1420 

0,1515 



7,50 

0,1088 

0.1100 

0,1042 

(1)6550 

0,1025 



11,1 

(117159 

(1)7377 

(1)6682 

(1)0518 

(1)6862 



16,2 

(1)4681 

(1)4080 

(1)4463 

(1)4846 

(1)4484 . 



33,8 

(1)9860 

(1)3605 

(1)2300 

(1)2040 

<1)2053 


1.45 

34,8 

(1)1781 

(1)1087 

(1)1804 

(1)1881 

(1)1802 


2,13 

51,1 

(1)1093 

(1)1008 

(1)1120 

<1)1106 

(1)1180 


a,m 

74,9 

(2)6897 i 

(2)71.17 

(2)8847 

(8)7450 

(2)7160 


4,(57 


(2)4932 

(2)4358 

(2)4608 

(2)4811 

(2)4706 


6.70 


(3)3102 

(2)3180 

(2)8155 

(2)9260 

(2)3125 


9.82 


(3)2143 

(3)2158 

(3)81.81 

(9)2180 

(2)2070 


3,4.4 


(B)1495 

(8)1400 

(2)1404 

(2)1440 

(2)1360 


21.1 


(3)9707 

(3)9701 

(9)6316 

(3)6484 

(3)9350 


30,9 

i 

!", - 

(3)0373 

(3)0350 

(8)5865 

(3)6185 

(3)5740 


40.8 


(3)4108 

(11)4093 

<0)9853 

<9)9968 

(8)3694 


(50,4 

.. .1 

(9)2632 

(8)3008 { 

(0)2450 

(8)2556 

(3)2890 


07.8 

■■ i 

mm 

(3)i m 

(0)3 581 

(3)1690 

(3)1570 


148 

. 1 

(0)1025 

(3)1025 

(4)6610 

(3)1076 

(4)9900 


008 

j 

(4)3619 

(4)5920 

(4)5587 

(4)6786 

'1 (4)6167 


801 


(4)8119 

(4)3110 

(4)8088 

(4)4070 

(4)3610 

1,2 

488 


(4)1630 

(4)1029 

<4)1866 

(4)2469 

(4)2140 

1,71 

080 


(5)6542 

<3)6455 

(0)6922 

< (4)1511 

(4)1867 

8,00 



(5)5708 

(5)5880 

(9)0621 

(5)8396 

(5)7605 

8,80 



(5)5410 

(5)3442 

(5)8444 

(5)4304 

(5)7605 

5,58 



(5)3194 

(5)2357 

(5)2050 

(5)2086 

(5)2181 j 

8,18 



(5)1643 

; (5)1728 

(5)1466 

(5)1810 

(5)1401 | 

13,0 



(3)1283 

| (5)1849 

<5)1062 

(0)8220 

(0)0919 i 

17.fi 



(3)9021 

<5)1041 

(6)8124 

(3)3002 

(0)7878 ; 

215,7 

___| 

1_ 

(3)7120 

l <0)7787 

(6)6974 

(6)4412 

(0)545(1 , 


17B 











Tnlilc IU7 (nnntlniiwl) 

!1. In photonn/niii ftji- in’ 1 flsslime (Clluticiuniu) 


Ago | 

U-803 | 

U-2I1H 

rm-ano | 

Year* 

Days 

Hour* 

Thermal 

Fission 

(H Mtiv) 

Thermal 

FlMHlon 



o,?aa 

1,937 

1,034 

1.028 

1,005 

1,1)21 



1,12 

1.280 

1.276 

1,258 

1,200 

1,230 



1,04 

0,8040 

0,6008 

0,7881 

0,7006 

0,7050 



2,40 

0,4008 

0,4077 

0,4753 

0,4405 

0,4501 



9,32 

0,2071 

0,3080 

0,8804 

0.2854 

0,2700 



0,18 

0,1815 

0,1803 

0,1610 

0.1628' 

0.1770 



7,56 

0.1140 

0.4204 

0 .U88 

0,1052 

0,1108 



li.i 

(1)7504 

(1)7001 

(1)7741 

(4)7490 

(4)7908 



10 , a 

<1 )4089 

(1)5146 

(4)0080 

(1)4666 

(4)5108 



80.8 

(4)0200 

(1)3810 

(1)8B07 

(4)0280 

(4)8(180 


1,40 

04,8 

(1)2106 

(1)2140 

(4)8151 

(4)2180 

(4)2157 


2.40 

01,1 

(1)1355 

(1)1372 

(4)4055 

(4)1444 

(1)4896 


3,12 

74, B 

(8)8729 

(2)8807 

(2)0416 

(8)9507 

(2)0145 


4,07 


(2)5830 

(2)5068 

(2)6115 

(2)6483 

(2)6007 


8,70 


(2)8027 

(2)8074 

(8)4050 

(2)4267 

(8)flB«4 


o.sa 


(2)2662 

(2)2500 

(8)2626 

(2)2700 

(8)2551 


JL4.4 


(2)1644 

(2)1680 

(8)1848 

(2)1720 

(2)1577 


21.1 


(2)1020 

(B)BB49 

(2)3010 

(2)1064 

(R)0«4O 


30,0 


(H)616R 

(0)6606 

(8)6242 

(9)6028 

(8)5840 


40,0 


(8)0570 

(0)8884 

(8)B866 

(3)9805 

(8)8407 


66,4 


<9)1014 

(8)8300 

(8)1808 

(9)8281 

(8)2015 


07,9 


(8)4165 

(9)4066 

(8)4248 

(B)1BBQ 

(8)1188 


148 


(4)6400 

(4)6660 

(4)6540 

(4)7840 

(4)6340 


208 


(4)8942 

(4)91-70 

(4)0936 

(4)0610 

(4)9400 


301 


14)1481 

(4)1393 

(4)1493 

(4)1728 

(4)1900 

1.8 

498 


(8)0158 

(0)5176 

(8)5861 

(0)7512 

(5)8714 

1,78 

600 


(5)2117 

(6)8168 

(55884 7 

(5)0752 

(5)8894 

a.ati 



(6)1100 

(6)1145 

(6)1564 

(5)2058 

(5)1604 

H.PO 



(8)5058 

(0)6348 

(6)0013 

(0)1040 

(5)4024 

5.51 



(6)3762 

(8)3946 

<6)5505 

(8)3079 

(6)5044 

5,1.8 



(0)3014 

(0)3080 

<8)0800 

(8)9100 

(0)9161 

12,0 



(8)2700 

(0)2600 

(6)0008 

(0)8309 

(8)9159 

17.0 



(6)2413 

(0)3057 

<6)2550 

(0)22(18 

(6)2700 

27.7 



(6)0074 

(0)20,18 

(0)2143 

(0)1010 

(0)21110 








Tallin II 17 (I'ntjl Immrll 


4. In filiiilim Mcv. Her Inr J <i" Hualim* 


A|Sn 

ll-BIlli 

n-aiiM 

•i'll-a:in i 

YtmriH . 

r>ny« , 

I'lfHIIH 

Tlinmilll 

•I'M union : 

•(« M.'V) 

ThcrrmiH 

I'M mm) on 



11,71111 1 

a .Hod 

II ,H8H i 

1.720 

•1 ,ll!UI 

1 .IWIfi 



4.11 ! 

1,2411 

a .240 ; 

3.1147 

II ,884 

1.1)08 



1.01 ; 

0.7787 ' 

0,7771) 

•0,70.27 

1141(180 

It ,11080 



8, *0 i 

11,4800 | 

■0,4110 4 

0.40711 

1U1M5W 

•0.5171) 11 



8.02 : 

O.BftHd ! 

•0,2004 

0,8070 

11.8111 H, 

0.83711 



ft.au j 

11.14118 j 

•0,1020 

11,0.80m 

11,11400 

1), 1.271 



7,8(1 

(11)8048 ; 

•(O)HOHR 

10)8078 

13)7844 

((3)77*0 



55,5' i 

(118212 

>(8)8484 

i(0) BOM 

11)44(18 

((3)4041) 



5'M 

mum 

((0)8880 

((0)80.58 

((51)8803 

((0)0088 



28,8 | 

<(aia,Mfl7 i 

((0)0004 

15)5844 

• 1(1)4781 

10)0.88(1 


MB | 

84,8 

15)3'OOm 

((0)01100 

IDKtmn 

i(3i)11)(IR 



2,3, n j 

AM 

18)0820 ! 

i(2)048(1 

12)0820 

18)1(11100 

laptoo 


8.118 

'■ 7418 ; 

. (<8188117 ! 

((4)81)74 

1(2)41)00 

18)421)4 

18)4044 


4.87 1 


‘(2)2870 


1(2)8008 

•(2)8848 

1(2)8000 

’ 

11.70 j 


18)5781 

i(8)4H1'0 

12)5807 

1R)fl'04'8 

mm 


11.88 | 


•(8)5100 

•(2)0.280 

12)520,0 

18)5278 

18)0071) 


. UA \ 


((8)8000 

1(8)80:00 

<(B)7tt#« 

1(8)8 85 7 

18)7*83 


" •831,5 j 


ht()15SHS 1 

j 

;{B)BS7B 

.tayswm 

19)82*9 

f/WftHHMWI — 


80,11 j 


1(11)828(1 | 

((8)8880 

1111)8528 

18))«sns 

18)2000 


48.B I 


:(8)3*(IB 'j! 

((8)0881 

18)5800 

18)400(1 

18)5700 


MA j 


<(B)5iflHH j 

:(4)t)008 

18)11)110 

18)01)0(1 

14)0700 


07,8 “.j 

! 

1(4)0071) | 

((4)8000 

'(4)80711 

((4)0887 

14)80*0 


348 | 


•(4)8840 

((4)845<0 

((4)8800 

14)870(1 

14)8800 


808 


<(4)701)8 ' 

1(4)5048 

1(41)5:804 

((4)801)0 

1*!)3’078 


803 


#)85>89 ! 

'(8)4084 

18)7085 

•(0)0807 

181)0(173 

1,8 

488 

----- 

'(8)8887 1 

18)31150 

18)8800 

10)8001 

18)8380 

a .jt« 

1180 


((1)0(188 ! 

10)0488 i 

10)0011 

10)5 848 

18)5858 

m(\ 



•((1)8400 1 

i(0)88H8 ! 

10)8780 

10)0*81 

10)7*88 

8, HO 



1(8)2448 ! 

10)2488 ! 

1(1)8080 

•(0)4 808 

18)4*80 

8.88 



(0)5042 ; 

•(0)1087 ! 

10)2004 j 

10)8470 

1(1)2700 

mo 

; 

■ 


•((1)1724 

•(0)1780 ; 

10)281111 

10)570(0 

10)21211 

1.8.0 



(011870 

10)11102 

■(0)3 000 ; 

10)1444 

10)1881 

17 id 



•((1)1*08 

1(0*11177 . 

10)41120 

10)1288 

10)1807 

28.7 



(0)15 OH 

10)11110 

•(0)12H0 ; 

10)5040 j 

10)3200 


IMI 
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The rtlr ionisation rate ourvee from aauh type of I'iaslnn ore of chief 
Internet', those are compared in l'’lgure# 3,6 and !l,(l In term* of an air 
ionisation rate "H" factor, The factor, r (| , . la Dm ratio of the nlr lonlKAtlon 
rate from one type of flee Ion to the rate from thermal neutron fiaaion of 11-330, 
Tha fluotuatlon In the curve* of Figure* U.U and 3.4 reflects the relative 
promlnanne of the important gamma emlttora In each mixture, 

Th# deviation in r (p from the value 1 la a measure of the difference In the 
lonlaation rate from that of the U-236 thermal fission reference curve. The 
order in the r tp deviations, from least to moat, iei 

1, fiaaion neutron fission of U-836, 

2 , i?Mev neutron fission of 11-338, 

3, fieaton-nev^tron fiaaion of Pu-938, and 

4, thermal-beutran fiaaion of Pu-aat). 

Tha maximum ralatlva deviation for the fir at three (combined), between 1 and 
7000 hour* after fiaaion, ie from -ifl percent at 2.6 hours to +6.6 percent at 
110 hour*, However, between 9 and 3 yaara after fiaaion the U-938 (8»Mev 
neutrons) r (p value is almost 1.0 and the Pu-239 (fission neutrons) r, value is 
almost M because of the higher yields for the rare earth elements (heavy 
mass peak) In tha fission products from the heavier fissile nuolidee and larger 
nsutron enersy. 

The two main factors that determine the groee decay of the normal product 
mixtures (bolides the halt-live a and the individual nuclide-decay schematics) 
ere the maea chain yields end the independent yields of the ieotopee in the chain, 
For times after fission of about 1 hour and greater, the Bolles-Ballou 
oalov.latlons 10 show that the difference In the total disintegration rates, baaed 
on Present's yield theory, from than based on Glandenln'a postulate is 
insignificant, This is due to the fact that, at these times after fission, most of 
the oheina have decayed from tha short-lived early member* to the last one or 
two aotiva member*. The di*plaoement from 1.00 in the curves of Figures 3.9, 
3.3, and 3.4 therefore are due to difference* In th* chain yield*. The ourvee 
ihow that, for times between about 1 hour and 1 year, the maximum error in 
the ionisation rate by use of the data for thermal neutron fiaaion of u-aafi would 
be about 16 percent. 
















Plauri 3.4 

GROSS AIR IONIZATION RATI FRACTIONATION NUMBER, RELATIVE TO THE 
IONIZATION RATE (In yun) OF THE FISSION PR'UJCTS FROM THERMAL NEUTRON 
FISSION OF U-23S, FOR THE FISSION PRODUCT MIXTURES FROM OTHER FISSILE 
NUCLIDES AND NEUTRON ENlROfEI 









Till 1 II<1 InnUntinn rule* nt it font iilmvi* nn inllritto h month eonliitnlnnli't! 
piano for m imll yield dlHtrllmllnn of Hum Ion prMduutH per uiili nmn nr<> 
NiimmnrlKiol in Tnhln il.lH, Thu tiluhoHi value In fur lh<> thermit! muitmu flHMlim 
of ll-IJ.W; (ho lowoal In for IlNMinn-nrution IIhhIdii of l>u -St.'ll), 


Tflblo 3.18 

HUM MARY OP H+l IONISATION HATK8 OF NOHMAI, FISSION FHOnUOTH* 


Type of Fission 

(H+l loniaatlon Rato) 

(unit yleld/unlt area) 

(r/hr nl 1 hr) 
(flss/sq ft) 

(r/hr at t hr) 

(RWmir 

U- a;ifl (thermal) 

7.(10x10"*® 

3080 

U-238 (flaalon) 

7.88x10"*® 

3040 

U-aa«(9~Mev) 

0.04X10"*® 

3010 

Pu-aaU ((normal) 

6.70x10“'® 

3480 

Pu-aao (flaalon) 

0.84x10"*® 

8400 


A. Par unit yield par unit area, for 3 foat nbova nn infinite ■mooth 
oonlnmintilcxl plane. 


Thu anmo vuluo, i,*tBn 1 « Ba flaalona/KT, waa uaed to convert alt the ratloi 
from flaalone to kllotona. The eorreapondlnu loniaatlon rale fuulor derived 
from BNW lu (TJ40 r/hr a I hr)/(KT/aq ml.) ur about a faotor of 3 lower than 
the vn|m»« of Table 3.la, Other aulhors‘ a > , MM« hove made almllar ualoulailotta 
ami oomparlaonx of thono factor# and of tho (loony curve# for the thermal 
neutron flaalon of U«83D, 

Tho number of photon# per dlalnteifration and tho avernfp> energy of Hut 
photon# for tho normal mixture of flaalon procltiota from B- Mov-neutron 
flaalon of U-Staa are uhown na a function of time after flaalon In Flproa 11,7 
and 3.8, roapocttvoly. 


1H7 





















The ratio nf thu rus|iuiise tif Mil AN. TDH HU(TIH| imiIImc IikIiI by n mini ill 
about It fool above h uniform distribution of fission prmfui>t m over u pi line imw 
Ui t,ln» calculated nil' lonlKallon rule iw shown In Figure ll.li um h fuiii'llim of time 
after ftMMton. Thu lUHli'umteuli for |.ht> iitiJkssteiJ , espouse, 1 m held by fi nmn and 
in calibrated with n fu-tio standard source , JU The ratio varies f mm about 711 to 
77 percent; moat of tho reduction In tho tonlnnllon r»iu mwisMurntf In duo to 
attenuation of tho prams hi ywhy thu puraon holdingthe fnstrujiteitf mik! by tho 
batteries and other dunso materials noat 1 tho Inn chamber of tho to st.ru meant. 

The only uaUmatai of the ionisation i-ato of mixed fission ofiHiHuia at. 
early times after fission available are these for tho products of thu mat neutron 
fission of U-B8B, The data, and calculatlona of tho gamma energy release, 
f rom these ft salon products at early timed, after fission have .boon aummarlawl 
by Ztgman and Maeh1in. Jtl f'hia summary of tihe gamma ray abundances Is 
convarted to tho ionlRBiion rates, photon energy emission rule, and average 
photon energies given in Table a,lb, To adjust (he tanlailton rate values 
calculated from the dais of Eigmun and Mao kin to those of Table 11,17 at ■41*. B 
minutes, the former were increased by aS.lpertHMtri this adjustment provides 
a smooth Join of the juniaatton rate decay curve from the early to the later times, 

_ The computed toaiaattoa rates for the fission product eloimmtd ooiidensod 

in the liquid of lh » M eal Mil when it solidifies at HtKfO tend of tho first, period 
of condensation) for times of tt second* (M‘KT) and tin wc-odda <14- MT) an* 
given in Table li ,8(1 for s- Mev neutron fission of U-JB*. Also given are the r (tl 
value*, with respect to tho normal fission-,product mixtures from thermal 
neutron fission of 11-8118, The variation In figure B.lfl of the oompulod vatu os 
of r,(, r with time after fission shows that (ho itapendenoo of the fractionation on 
time* of, otmitensMtluinof u seconds and #0 seconds (»4-KT and H- MT, 
respectively) is not large, tout tjiat between about a hours and lOtMil hour# after 
fl islcm die mixture from this iiwer yield Is more highly fractionated, 

The minimum in. the curve at 8 hours la due to major depletions in Cs and 
To, whereas the minimum at about *«H) hour* is duo to depletions in 1-181 and 
Ha«M® - is- 14't), The maximum in ih« curve, at fltoffl hours, result* from tho 
high abundance of SBr-liS ■ Kb-US, and tlu* ptmha at times longer than Id, W 
hours are due to ton high yield* of the rare earth elements from It-aim fission 
product* with romped to tho IMflB fission products,. 

The observed variation in I’m With time after fission ns measured with * 
standard toniaalton chamber, is shown In Figure H, 13fw-tho-faMbutfrnn-b-liw 
town,! 1 shot,-' 11 Thu nh*mr-vbc!l ^ value at 3 hour after detonation la very uloac to 
the values computed fur the larger yields and with ihu exeuplion of some detail a 
in (he curve that may bo due in part to the response characterlalius of the lop 
chamber and, in part, to the type of fission, the calculated curves follow the 
I rend of I,he observed curve quite well. 


ICO 







Tallin a, III 


EARLY TIME IONIZATION RATE, PHOTON ENERGY EMISSION RATE, 
AND AVERAGE PHOTON ENERGY FOR FISSION PRODUCTS FROM 
THERMAE NEUTRON FISSION OF 11-930 


Time After 
Fission 

(S0OS) 

Air Ionf KBtlon Rate 

(io~ 18 r/hr)/(fH*lon/»q ft) 

Photon Enargv 
Emission Rate 
(Mev/aeo)/(l0 , ‘ fissions) 

Averse* Photon 
Energy 
(Mev/phuton) 


1 

30,000 

5,080 

1.180 


1,0 

19,600 

3,840 

1.178 


2 

ie,eoo 

3,300 

1.800 


3 

18,700 

8,830 

1.838 


4 

10,300 

8,060 

1.868 


0 

7.530 

1,010 

1.296 


0 

8,660 

1,060 

1,388 


13 

3,630 

768 

1.348 


18 

8,680 

841 

1.363 


as 

1,840 

368 

1.378 


41 

i.aso 

BBS 

1,384 


80 

640 

168 

1,800 


88 

560 

118 

1,303 


120 

973 

' 74.3 jj 

1,300 , 


189 

880 { \ 

49.1 

1,378 


877 

Iflfl 

38,0 

1,338 j 


406 

100 

80.6 

1 .BOS 


590 

7o!s 

13,8 

1,845 


870 

49,5 

8.89 

1,170 


1880 

88,1) 

8.48 

1,074 


1870 

17,0 

. s.aa 

0,093 


8780 

10,8 

1.08 

0,088 


4080 ,, 

0,08 . 

1.8+ “ 

0,970 


5 BOO 

4.18 ' %r J 

0,778 

0,064 



IBS) 









UiNI/.ATH.iN MATT mil 1-IHHH »N |‘IC "lit 'I "I'M I *« iNItl'.NHT ll ( N 11) I- AI. Hi I, 
AT mill C AT I! HKI’HNim (M<| KTl ANII (Ml HH'I'NIIH IN MTl 
ATTTH TIHHIliN III'' (I-SIIH (H MC.V NKHTIIMNN) ANII IIATIn 
TO THAT I'LII TUI': NCHIMAI, -MIXTHIIK TIC M TIHHll.N 
III' 1 II-UIID (TIITIIMAI, Nl'IUTIIliNHl 


Time After Detonation 

_ V 

- : 

Years 

Days 

Hours 

84-KT 

14-MT 

64-KT 

14-MT 



0,703 

mu * 

(8)848 

0.872 

0.840 



1,12 

(8)210 

(8)220 

0,881 

0,810 



1.04 

(8)110 

(0)116 

0,387 

0,984 



2,40 

(9)642 

<0)667 

0.262 

0,279 



8,82 

(6)863 

(0)490 

0.279 

0,804 


•• \ 

8,16 

(8)274 

(9)318 

0,839 

0.888 



7,80 

(9)197 

(0)281 

0,412 

0.488 



11.1 

(9)187 

<0)1 m 

Maa 

0,848 



10,3 

(10)800 

(0)102 

0,468 

0.868 



20,8 

<10)644 

(10)880 

0.880 

0,607 


1,40 

84,8 

(10)823 

(10)887 

0.612 

0.688 


8,18 

81,1 

(10)188 

(10)180 

0,431 

0,807 


3.18) 

74.3 

imm 

(iu>iua 

0,424 

0,453 


4.BT 

110, 

(11)308 

(11)891 

0,889 

0.808 


8.T0 

161, 

(11)260 

(11)866 

0,260 

0,868 


0,88 

a, to , 

(11)103 

(11)260 

0.3,10 

0.382 


14.8 

846, 

(11)110 

(11)191 

0,246 

0.426 


81.1 

duo, 

(12)698 

(11)141 

0,286 

0,488 


80,9 

, 742, 

(19)689 

(11)100 

0,882 

0,881 



1,007, 

(12)488 

(18)676 

0,469 

0,680 


60,4 

1,804. 

(12)887 

(18)498 

0,689 

0,782 


07,8 

a.aan, 

(19)908 

(18)811 

0,706 

0.840 


148, 

8,480, 

(12)198 

(12)800 

0.918 

0,928 


800. 

4,990, 

(19)110 

(12)107 

0.021 

0.898 


801, 

7,890. 

(18)479 

(18)438 

0,082 

0,808 

1.20 

480. 

10,820, 

(18)170 

(18)189 

1,918 

0.999 

1,71 

080, 

18,600, 

(14)877 

(14)119 

1,480 

0,821 

>,80 

040, 

99,740. 

(14)879 

(14)181 

1,878 

l).8B0 

8,10 

1,887, 

88,900, 

<14)188 

(18)899 

0,021, 

t>,418 

S.5R 

8,087, 

46,000, 

(18)878 

(18)884 

0,406 

0,240 

8.18 

3,986, 

71,700, 

(18)898 

(18)161 

0,288 

0,187 

19,0 



(10)194 

(18)111 

0,900 

0,118 

17,8 



(18)188 

(10)807 

0,160 

0,097 

9Sc7 


- 

(10)980 

(18)907 

0,180 

0,088 


8. r/hr at 3 ft above an Infinite imooth plane for 10’ fission* per «q ft, 
b. Number In parenthesis Is number of decimal points between decimal 
point end first digit (sec Fiaurc a.ai). 
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For un r tp of Mil nt IH I, tho innlv'.iilIon I’lili' til I hour pin* KT per 

hi| ml. would Im 1100 for the mixture of flHHlou pmluotn condomml up In the 
Indlcnled Ilmen. If I Ho fnlloul iiIho eonlnlned neiitrnn-lwlueed nctl vltli'H Hint 
uonlrlbulo ill IH I, the ratio would bn HlKhor. The Important likely (or ihhihIIiIo) 
Induced activities «ro those produced from neutron enpturon hy U-8IJH mh wns 
found hy 1^,1 murn 1 , Muckin', Fretllng 811 nnd nlno reported hy H!ownrt, Crook* nml 
Ftaohor 1 ". 

The nail vILIoh nnd lanlRntlon rates of the possible produet mm lidos, for n 
yield of 10* ntoms ntnero tlmo nml up to 100 days Intur* nro Bummnrtaed In 
Tnbles 11.81 to Oh, For tho anno In which the tnbulntod nativities are 
associated with tho nativities from ID 4 fissions, they nro enulvnlonl to ft yield 
of one produot-nuclldo for onch fission, r nius, for the onso where one of (ho 
neutron* from snuh fission event result* In n (n* y) ronotlon with 11-808, tho 
icmifilrtion rnte from tho protiuots U-smw and Pip-»f»F> ni H+l would ho 0.8IWxifl" w 
r/hr per fission or nbout 180 r/hr per KT/sq ml. Tho rntlo for tho gross 
mixture Is then 1070 r/hr nt 1 hour per KT/sq ml, 

If tho relntlvo yield of U-807 whs tlint found by Kimurn*, nnmoly 0,10 ntomu 
por fission, the ndtllUonnl activity nt ll+l would ho o.ooaoxio’"" r/hr por fission 
or about 1 r/hr per KT/sq ml. A yield of 0,15 atoms per fission of U-840, 
however, would give n contribution nt 11+1 of about 80 r/hr por KT/sq ml. If 
this occurred, the rntlo for the mixture would Ik- IMHO r/hr at l hour por KT/sq 
mi, The observed rntlo for this mixture of rndjonuolldos In fallout particle* on 
, nn open ronl terrnln would be less thnn this value, due to both tho Instrument 
response meritionod nbovo and to shielding by the roughness of tho lorrnln. If 
It Is assumed thnt the Instrument response to the flnnl mixture Is nbout tho snmo 
as It Is for tho normal mixture of fission products, then n value of nbout 75 
percent (see Figure 8.0) would bo npproprlnte for the AN/PDll-50(TIU) or 
elRltlnr rndtaa Instrument, An effective terrain nltcnunUon of 75 percent with 
respect to the Ideal smooth plnne would give an observed vnluo for the ratio of 
nbout 7B0 r/hr nt l hour per KT/sq ml. |Thls Is lower thnn the value, _ 1840 , 
obtained from tho dntn of the 15NW. 

Additional dismissions of how the condensation process mny proceed nt 
times longer than the end of the first period of condensation, nnd of how the 
rndlonotlvo composition onn vnvy with particle else nnd downwind distance, 
nro given In Chapter (!, 




Tiihii' :i,ai 

ACTIVITY PIIOM 11-3117 Foil 1(1' ATOMH AT /I'llp) TIMK'i 
«<U 327) I 


Tlmn 

After Fission 

A 

(.!/«) 

1, 

(r/hr k lo s ) 

In 

(r/hr xio") 

H,(D 
(r x 10*) 

Ih 


(1)1000" 

(3)007" 

0 

i.Bh: 

<1)UB1 

(1)1000 

(2)000 

(3)0(10" 

2h 

(1)1178 

(1)1000 

(3)002 

(1)108 

ah 

<1)117M 

u (1)1080 

(2)040 

(1)207 

AU 

(1)1108 

(1)1083 

(3)044 

(1)400 

Oh 

(1)1108 

0)1010 

(3)000 

(1)044 

Oh 

(1)1148 

(1)181)1) 

(2)038 

(1)093 

lOh 

(1)1188 

<1)1308 

(2)030 

0,1100 

ISh 

(i)iiao 

(1)1378 

(3)010 

(1,1408 

illh 

0)1114 

(1)1301 

(2)001 

0,103 

IDh 

(1)1100 

(1)134 0 

(H)S'flt) 

0,210 

34h 

(1)1073 

(1)1310 

(3)807 : 

0,200 

1.IU1 

(1)1018 

(1)1188 

(2)801 

0,400 

2d 

(8)1)08 

(1)1000 

(3)780 

0,070 

m 

(8)878 

(2)008 

(3)700 

0,031 

4d 

(8)780 

(8)800 

(3)008 

1,04(1 

Otl 

(8)040 

(3)734 

(3)010 

1,400 

M 

(8)888 

(2)003 

(3)430 

1,740 

10(1 

(3)438 

(8)481 

(3)044 

3,000 

1M 

(3)884 

(3)307 

(2)300 

2,407 

a oil 

(3)188 

(B)T7» 

(2)180 

2,780 

30tl 

(0)047 

(0)011) 

(0)442 

3,017: 

40(1 

(0)100 

(0)331 

(0)100 

0,000 

00(1 

(4)308 

(4)380 

(4)304 

0,190 

80tl 

(8)088 

■ (0)005 

(0)2111 

0,100 

100(1 

(0)414 

(4)40H 

<11)000 

0,108 


ii, I,, Ig, iiihI I) A < 1 > urti for 1 thu cIlHlrllnttluu of 10'* iiliimu iwr afpinro font over 
on Inflnltu plniui at »oro it mo. I, In in Mr lonluuillnn riilim, I„ 1st In 
ImtlninioiU I'nwponmt iiiiIIh 

Ii, Numlwr In parnntlidMiH Ih mimlwr of koi'oh hnlwonn (loulmiil point anil find 
'Hull. 





AIW I'M Ml on 


(p/lir x I0 1 ') 


(r/lir.x I o") 


(c x ID" 


(d/«) 


Ih 

o,Hii(>r> 

0,.134(1 

(1,1700 

,, 

l,5h 

0,1*485 

o, nuinu 

(1)740 

(1,1 OHO 

lill 

0,1411(1 

<1)5500 

(1)017 

0,1527 

aii 

(1)11411 

(2)043 

(8)522 

0,1775 

4h 

(3)4111 

(2)100 

(5)888 

0,1811(1 

(111 

(ii) ran 

f <4)47.1 

(4)202 

0,18(11) 

Hh_ 

(5)004 

<IJU0(J 

;{|)75S 

{',,18110 

l(ih 

(0)101 

(7)002 

(7)217 

0,18111) 

inh 




fl,)8IIO 

ir.h 




0.18110 

IHll 




0,18110 

mh 




0,1800 

i.mi 



_ 

0,18110 

n<i 




0,1800 

ml 



"\ 

0,1800 

mi 




0,1800 

(id 




0,18*10 

Ad 


-,ii ■ ' 


0,18110 

10(1 




0,18110 

15(1 




0.1 Hill) 

UOrl 




0,1800 

llOfl 




0,18111) 

<ltlil 

- — = 7 -:. 



0.10110 

(Kid 




Lb 1801) 

80d 




0,1800 

100(1 




0,1801) 


«. I«. In p Hu (I) Aw for tlm (llnCHInillon of 10 ntonirpur Htjunru inm over 
on Inrinilo plnno nl nimi llmo 

b, Numbnr in pnrenthoHlH Ir number of aoi'nn Iwlwuun diiiilmnl jmlni mid 
flnrtdlRli. 





Tnitii' it.au 


ACTIVITY KIIOM N|t"M30 Kim Ift' 1 ATOMS Ml 1 ' AT '/KUO TIM I-:" I 

('M> Will) I 


Time 

A 

l„ 

l„ 

11,(1) 

After Klunlon 

«I/H) 

(I'/br k 10") 

(p/lir x 10") 

(r x in") 

lit 

<l)8B7nl> 

< 1 )!U117‘» 

(1)8870)' 

h 

I,fth 

(i)ai Ha 

(1)11841 

(1)8813 

(1)108 

ah 

(i)naR8 

(1)0(181) 

(1)8507 

(1)3411 

ah 

(tjiiiiiit 

(1)11001 

(1)808(1 

<1)714 

4h 

<1)iU|()U 

(1)0(144 

(1)8000 

0,1084 

(Jlii 

(i)itatn 

(1)0870 

(1)3540 

0,1808 

8h 

<i)ni:i7 

(1)0401 

(1)8477 

0,8518 

ion 

(.1)110(10 

(1)3400 

<1)8417 

o.itao 

mil 

d)ai)H4 

(1)3381 

(1)8357 

0,387 

tali 

_ (1)2877 

(1)3808 

(1)88711 

0.485 

mil 

(1)87(10 

(1)3081 

(1)8187 

117570 

Jib¬ 

(1)1578 

(1)8808 

(1)8038 

0,757 

uti _ 

(1)8818 

(1)8408 

(1)1750 

1,077" 

Btl 

(1)1010 

(1)3185 

(1)1500 

1,851 

Del 

(1)14)0 ... 

(1)1570 

(1)1111 

1,701 

4(1 

(1)1080 

(1)1174 

(3)003 

8,118 

(1(1 

(8)060 

(3)048 

(3)400 

2,845 

8(1 

(U)aaa 

(8)358 

(1)354 

8,787 

10(1 

(8)1,78 

(8)10.8 

(8)141 

8,010 

15(1 

(11)408 

(3)447 

(0)018 

3,038 

20(1 

(4)0 U 

(0)101 1 

(4)710 

0,002 

a oti 

(8)407 

(3)81.0 

(5)1100 

0,007 

40(1 

(0)840 

(0)107 

(0)100 

0,008 

110(1 




0,008 

sod 




3,008 

I04KI 




3,0(18 


n. 1„ 1 1 ai nml!) ( (I) lire idr the (llulrllmUnn nf lo" ninnix per miuimi low 
over no InfitilU' plnnn ill aero lime. 

b. Number In imrontluwlx In number nl‘ s«.«ros between ikuilmnl point nml 
IIrut (Hull . 


inn 





Tnlili' :i.‘M 


ACTIVITY I 1 MOM Np !MH (■'«HI III' 1 ATOMH OK I' :• In AT '/Klin TlMK" ■ 
nr aid) ) 


Tlmi' 

AH.or KlHHlon 

A 

(d/c) 

1 , 

(r/hr*. x Id") 

i„ 

(r/lir s in") 

(r x in") 

Ih 

0,11107 

0,3705 

0,2007 

0 

l.ith 

0.13711 

0.3047 

0.3052 

0,1114 

ah 

0.124H 

0,858,1 

0,8008 

0,805 

iih 

0.11 BO 

0,3401 

0,1007 

0,5 Ifi 

ih 

0,1151 

, 0,304 1 

0,1815.. 

. OrTRfi . 

lift 

0,1030 

0,3134 

0.1045 

1,212 

«h 

(1)035" 

0,1081 

0,1480' 

1.011 

10)1 

(1)5411 

0,1744 

0,11153 

1,07(1 

18h 

(1)7011 

0,1570 

0,1334 

2.012 

]l)h 

(1)058 

- 0.11188 

0,1055 

3,754 

IBh 

(1)500 

.0,1177 

(1)0 Hi 11 

11,15(1 . 

34 h 

(1)484 

(1)878" 

(1)8 HO 

5,750 

1,5(1 

" <1)805 

(1)45(1 

(3)077 

4.547 

' ’ 8r1 

(1)100 

-(1)380 

(1)308 

4.050 

ltd 

(3)40(1 

(4)885 

(3)042 

5.078 

4tl 

(3)180 

(8)254 

(3)107 

5,454. 

5(1 

(5)1 If. 

<0)240 

_ JO) 15(1 

5,5110 

fid 

(4)110 

(4)88? 

(4)170 

5,5110 

10(1 

(5)104 

(5)315 

(5)107 

5,51)8 

15(1 

30(1 

110(1 

40(1 

sod 

50(1 

100(1 

( 5 ) 85(1 

(8)503 „ 

(8)450 

5 , 5,15 

5,558 

5,5.18 

5.51) 5 
5,5,15 

5.51) 8 
5,505 


Hi In i In i H nil 1% (1) in'u for ihi- illwi r 11 ml inn of in' 1 mnm« per f*r|un r<* fool 
over nn Inl'lnllo piano at aero time, — 

ti. Number In pni'omiWHls In numlwr of kpi-oh liotwinm (luolninl poim mid 
rii-nl dlfjcll. 
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Uhnplur <1 


niNTHUUITlON OP PA LI, OUT PARTICLKB 
POLLOWINd A NUCiLKAfi DKTONATION 


'll (Hmurwl U tiHv cJiHion uf Thu Pal lout Distribution Pruooss 
4,1.1 Thu Particle Source Unomutr y 

A very simple descriptive Htniemunl of tho fallout process might ho 
that a cloud of pnrticloB is formed rapidly ui tho result of an explosion and that 
thin cloud in ihdft tlluponsoci by tho wind ntscl by the force of gravity acting on tho 
particles to returnJhoniLo tliu ourt h, Mont luvostlgntors ooncornod with the 
distribution of fallout assume that the visible volume occupied by tho nuclonr 
elouti-niui atom above the point of dutonalian within n few minutes alter explosion 
-more or loss defines the volume source of the fallout particles 1 . 

Aadorson\ however, consider* a moving source volume which might 
lie (laserHied us the air volume swept through by tho rising fireball and stem, 

In either ease the source vojtrnw for the particles depend on total yield and, If 
other than surface detonations arc consUluml, on the height or depth of burst, 
Tho yield dependent puramOLirs which nro usud to define the particle source 
goomolry Include the cloud height, cloud thickness ami rntllus, and, occasionally, 
the stem goomotry, Anderson's studies Include consideration of the time 
dapcndoiico of thane parameters. 

one important additional factor that Is usually considered Is the 
dislrlhullon, or spatial concentration, of the particles in the volume, and - 
(juullliillva considerations have been given to internal circulatio ns of the 
- IHiTtlolSiirby several Invcktigutors,' 


The fall trnjoatory of u particle deiionds on its own properties and 
on meteorological factors . The various Aspects' of thossJi uHors have been <lu- 
cussed by dehuert, 1 Amlcrsun® and others 1 . The major properties (hut Influence 
n particle's fall rate through the atmosphere arc Us density, diametur or also, 
and shape. The mnjoi meteorological factors lire the wind speed ami dlroelbm, 
and the air density nisi viscosity. 



The Iwn nil* properties, of mmrno, lire dependent on the air pressure 
unr,l temperature nnrl these, In turn, change wllh altitude, The wind spued mid 
direction are also highly vurlable quantities since each has both apatlnl nnd ttmu 
variation*, Thu vertiual mot ton* of thu air and particle-group diffusion aim 
influence the Tall trajectory of particles, but are usually not taken Into Recount 
In the study of the fallout dlatrlbufion prone**, 



Thu major radiological faotora in the fallout distribution procoaa 
are the flaaion yield and the variation With particle atae of the gro*a radlo- 
aotivlty carried by partlole* of a given alae, The first ••aantially dotermlnaa 
the total radioactivity available for distribution on the partldteai the second 
Involve* the distribution of that radioactivity among particles of different sines, 

Additional ractora, auoh a* neutron induced radioactivity, fraction¬ 
ation, nnd the biological availability of single fission-product elements, have not 
yet been incorporated into etudlea of the fallout dietrlbution process in a 
systematic way by moat Investigators and fallout model designers. 



4-a-i Mngi&s&oii 


Tha original attempt to describe and/or predict the end reeult of the 
fallout dietrlbution process—tha fallout pattern—wae made by C,F. Keands and 
coworkere In leuaV The original soiling method was based on the work of 
Laurino and Foppoff’whloh deeoribed some fallout patterns from Operation 
Jangle In 1981, from low yield devices, The original Scaling method was Intended 
for prediotions or estimates of fallout patterns from yields pesilblly as high as 
10-KT, In 1988 1 the method wan expanded to include ylelde in the megaton 
range, without adequate explicit experimental documentation, This method wae 
subsequently included In 13NW, in some studies of fallout effects a scaling 
system is to be preferred over a qomplax mathematical model, Therefore, a 
scaling method for estimating fallout patterns is described in Section 4,it. 

4.3.2 Mathematical Models 


Mathematical models attempt to establish quantitative values for the 
several factors mentioned in Section 4,1 and to compute the activity deposited 
on the ground at various locations usually with use of electronic computers. The 
general approach used and the organisations and Investigators Involved In the 


904 






devolnpmunl and tcHtlng. of those module up to 11)07 Ik described In sumo (Iota11 
by Kellogg, 1 T«tnr developments Include the work by AnflortMon, 11 by I Ugh nml 
daliano,"'by Cnlhthnn, ot nil 1 nml by nnpp. 19 to mention n low of tho uncluHedflprl 
roportorl studios, A gniutrnl comment on tho results might bo Hint none of tho 
model* agree with oaoh other In several detail*, and that none of tho models 
reproduce very accurately nil of the few dntn In the yield range of i-KT to 
Ih-MT thnt arc experimentally available 


The exact uauaee of tho difference* among the vnrlou* model* nre 
difficult to Isolate for at least two reasonsi 1. Each model I* different from 
any other In several of It* assumption* obout parameter value* or ln.lt* mann*r 
of handling the many variable* mathematically, it, The reports describing the 
models generally do not Include sufficient detailed Information regarding tho 
minor aiaumption* and the method* deed in making tho computations, If tho 
input data in the mathematical model* were all more reliably established 
experimentally, many of the differences among thorn would disappear. Whether 
better agreement with observations resulted would stUl have to be established 

Nonetheless, many of the features of the math* mat lea,1 model* are 
used In Section 4,3 which describes the derivation of a simplified soiling method. 

A few of the parameter values ussd In several of the mathematical models are 
discussed there to bettor describe the over-all prooess of fallout distribution as 
it might take plaoe. In Chapter 6 some general cone opts are described that 
oould be utilised to derive a more refined mathematical mod*! of fallout than 1* 
presently available, Borne possible Improvements In the treatment of the 
problem are also touched upon in this chapter. 

In most mathematical models, after selecting the vttlues of the 
source geometry, trajectory, and radiological factor*, the computation Is 
carried out by dividing the source geometry for each of several particle also 
ranges Into horleontftl dlses of flnlts thickness, The location on the ground 
where thess "particle discs*' land, under the Influence of the astwibed meteoro¬ 
logical condition!, Is then calculated, All the activity at each of a series of 
coordinate points is then summsd, according to the number of different discs 
tbit land at the point and the amount of nativity asslgnwdto each disc, 

Bo short a summitry of the work on the mathematics! model* should 
not be interpreted to mein that the efforts In development of the mathomatU 
eal models have been small and unfruitful, Qn the contrary, muph hn* been 
learned about tho fn I lout prooess through thorn, and most of the concepts employed 
by many of the mathematical model developments are oovorad In the remainder 
of this chapter. But to describe nil the work and alt the details of each model 
currently In use Is not considered to bo within the scope af this discussion, 




4,11 P oHorlutlvt 1 Features of n HlnmUfluil Pullout Hon H im Hystom 1'nr JhnjiH 
HuiTium Detonations 


4.11,1 General Donerlntlon of tht» Bo nil mi Mathud 

Tho fallout sanllng system cloneribetl hero wan developed for 
estimating standard intonnitI um, potential exposure dome*, and other radiological 
quantities by use of both manual and machine computational techniques, The 
system Is based on corrected experimental data,on empirical relationships 
among the geometrical arrangement of the oloud ami atom ns the source of 
fallout particles, and on several of the observetUenturos of the fallout pattern 
of radiation intensities on the ground, in the system, the cloud and stem 
dlrnsnsldhs hre RtyjtKed as simple solid geometric configurations to facilitate 
the use of algebraic relationships among ths model parameters and the depend* 
once of the parameter value* on weapon yield. 

In making estimates of ths hatsrds from fallout, for the purpose of 
establishing tho nature and required d«gr«" of protection against these hnsards, 
two major quantities requiring evaluation are (1) the exposure dose levcls-lhat 
can result at different distances from tht-ditoimtlon, nnd (3) the land surface 
area in which the exposure dose I* greatsr than a stated amount, To make these 
evaluations requires estimates ot the amount of fallout that deposits at various 
locations, the time at which the fallout hr rives, and the rate of Us arrival. 

Such general evaluations of haeard levels, and of the protection 
requirements for radiological counter measures in defense planning, must first 
consider the possible levels of sffeol (or hnssrd) and. In a generallsstl manner, 
the feasibility of me thods (or protecting against these leve ls of pos sible hasard, 
For these purposes a rather simplified fallout scaling system can servo because 
no precise or aoourntc prediction of fallout under specified detonation and wind 
conditions Is possible eVen with the moil complicated fallout models at their 
present stage of development, Therefore in the following dlsousslon the 
presentation is limited to ihe description of a simplified version of tho fallout 
distribution process,- 

The mnthomiulonl derivations of tho simplified fallout son ling system 
attempt to dnpiot the full of partlolss of different sine-groups from n volume 
source In the niri tho boundaries of that source are assumed to depend only on 
weapon yield. The problem is to describe mathematically the dependence of the 
fallout pattern features, In space and timer on (a) tho olond and stem geometry, 
(b) the pnrtlole full velocities, to) the wind velocity, (d) the rndlnnctivUy- 
pniTiole size distributions, and fe) tho weapon yield. 




The Knomotrliwit I'unfiKimitlnn nf the cloud In Inltcn In lie on oblate 
spheroid, and the configuration of the stem ns the friiKlum of nn exponential com 
or horn whoso larger bane In approximately adjacent In (hr bottom of the 
spheroid, Tho fall of purllnloa from ouch of those sourer volumes In considered 
sepn rntelv 


4,it,2 Particles jy .nJ XtUR jpEimi fdou d A lilt m ien 

The descriptive equations for fallout from oloud altitudes nro brined 
on tho fallowing promisesi 

1, The cloud souroo of the particles (at about 11+0 minutes 
to H+8 minutes after dotonntlon) ha* the shape of an oblate 
spheroid where jt in the major axle (parallel to the earth 1 * 
surface) and Is"the minor nxia. 

2, The particles of a given slue-parameter, a, fall with a 
constant terminal velocity vector, v ( , from their position 
Intlse aloud to Utii ground, 

hi Tho wind velocity, v w , Is constant with time nml space 
through all altitudes from the ground to the top of the 

cloud, 

-1. The Initial distribution of the particles of each sis'd- 
pnrameler Inside the cloud la uniform, 

The frantioiinl distribution of the total activity on each 
particle group can be determined from fallout pattern 
dntn as a fonotlon of that group's fall velocity parameter, 

Thu outer dimensions of the cloud, according to the first premise, 
nrc defined by 



whore tho origin of the x, y, a coordinate system Is directly over ground aero 
nt the altitude, h, nt the center of tho oloud, 






A iiiii'lleli' iii'lnlimllnn at iht> point s, y, r, in tlu> I'lmnl iuovoh iiIoiik n 
linn nf Minin', v ( /v w , mill IiiihIh uii Hit' nnmiul nt Ihn ilnwmvlnil (IlHtimco, X, 

H'ivuii by 

X « <v (h I V.) I K < 4 ,U) 

whom iv In uqunl to Vw/vi (v w Is. Inflnpontlont of vi). 

Thu nnmbor of pni'dnloH with hr Ivon vnluo of o Hint full at tin*, 
downwind rllMinnno, X, from Ri'oimcl /.oro, for n uniform distribution In tho olmiil, 
urn proportional to tho Itmi;ill of tho linn Rivon by ISq. 4,tf oonlaluod within tho 
iiloutj. Tho loin I nnmbor of pnrlloltm .IhivIiir nl/.i'~pnrnmotur n In nn i\„ !>Af u i 
whore ft„ Ih this numlior por mill vnlunui, I. is tliu longth njpua tho lino of full in 
Iho olmifi, mul Af a lM the orofiB-iieotlonnliiroii ulonfttho linn. 

Tho (iron on tho oniTh'n mirfnuu Intuitioploil by At u le At AX 
(Af in y dtrootlon) suuli Mint 

AX ” v/fTTwJ) At (■Mb 

Tlui iuimbi'i'of pnrlU'ii'M por unit (iron at X Ih thon 



HlnUInrly, A„ Is tho nativity pur unit volutin* of ulmid imrrioil by tho 
pnrt lulus hnvlng"iho Inyo mo foil voloolty, or (Mho- pnrnmolor, <v. tho nmmml of 
luillvlly pm' unit nron nf X imnlnlnwt In tho group in 

■■ A„ Li ■ ■— ■■ 

\ l (,M) 

who im A,(rv) Is tho nativity pur unit nron on (ho ground nt tho tljnlnjim', X, thin Ih 
unrrled by tho purl idles hnvlng the sluo»|inrnnu4or rv, 

Thu vnluo.of 1. Im tloLarmliuxl from tho two InioronpU uf ihu line 
Rlvon by Kq, *1.11 with tho sphtmriti doHurlbenhyfiii, 4,1 by uho of 

h* - Av» I ■An« . . (1.(11 

Mill vlng Kq. 4.(1 for Ax nntl As gives i 

B *ln a b" (I t. n- u ) |(n u ( • rvb M )/(I • y ll Ai 1 ’ ) - (X irb)' j 


(it n ! II ^V) 1 ’ 




The nellvlty (t«*r mill iiimi 


I lie gmiiiiil, A, (n), lit then 


m„ i.u x -~nhp 


/[’he nutlvlty eontoura on the ground nurl'noo for n given vnlue of n 
therefore urn olllpHKHi Hrj, 4 ,h, in Ktundnrd ofUpUcuil form, in 


(x .fh) 8 __ ( _ _ y" t 

4Aj« ll l}“ J 
<4,»> 

The eontora of the olllpao ore nt X equal to oh find nt y equal to 0. 

The total nutlvlty per unit nren dopoatlori nt thn location X, y (y la 
tnkon n« thn anme Intern) dtmonalun on thn ground na It la In the cloud) la 
detormlnod by aummlng the eontrlbutlonn from nil poafliksfbf oj It t* 

' glvnn by 


(a* i\ * b*) 


1 - A j<«><*" + <>“ b “ > 

4A*«*b* 


n (max) 

A« s f A, (n) do (4.10) 

n (min) 

whore o(tnnx) nnd o(min) nro given by the two reap««Uve vhIuob of- 

„ » bX * yx T b T ( 1 «■ y 8 /! 11 ) 4 (a* - y*)h a « b B (1 • y^/a^l ^ 

W * ,, IV . b»|l . y»7i«) 

N(|UiHton 4,10 onn bo mtngrntod graphically If Iho vnluoa of A„ And thn other 
pnrnmelora urn provided, From the tlnln given by Pugh nnd anHano 11 ' nnd by 
HohuerlS Iho following emplrlpnl umling funotlona were derived for the yield- 
dependent pnrnmcters v»f the nbovn oquntlonm 


n * 

J, 34k10 s 

w" - Ji ft, 

w 

1 KT to I0 h -KT 

(4,11) 

1) ■ 

• I.'I()k|0 ! ‘ 

W 0 ' 300 ft, 

w 

1-KT to |0*-KT 

(4,i;») 

it • 

W.tlilH 10* 

...0,444 .. 

«* .Hi 

w 

1-KT‘tn 2H-KT 

(4.14) 

h ^ 

l OHx 10■* 

w 0, lM fl, 

w 

2H.KT In lo*-KT 

(4. in) 






Aii ii|>|mixlmiiil')ii mi'llmil Inr i>mI 1 mill Iiik A n i'iiii in' ilerlvnd fmm 
Information nn thn flnnl I'nllmil pul,lorn HhcII'. from Wi|*. -1.18 imd ‘Mil, Die 
olnurl volume for thn i<lllf>woirl of revolution eland Urn minor mkIh Ih 


V, > .1,41x10'" W 1 '" 1 " nil. ft., W l-KTtti |0 n ~KT (4.1(1) 

II' the frnottnn of Win total activity aaaoolntod with the pnrtlclna hnvltiK the 
Inverae inlling vnlnelty tv in f„ nnrl thdan pnrtUdoa urn uniformly dlatrlhuterl 
throughout th* velumo, then A t . in nciun 1 tn f„A,7V ( ,. whom A. m otiunl to 
I ^xlO""I3W flaatona (W here In the rutIn of thn I'Umlon to total yloidi g ( , Ih the 
(motion of the total nollvlty produced that la contained In thn druid i nnrl VV in the 
total yield In KT), The value of A„ la then given by ■ 

A„ * 4.36k lo'* f„g„ law " "'I*, W * I -KT to 10 R -KT (4.17) 

where the dependence of g,, andT # on W Is unapneiflod. 


Prom nrbltmry dlstrlbutlona of A„ nnrl from ovnluntfona of A, (a) 
and the difference, tv mM - (v mln , from Kq. 4.11, It wna noted thn I (l) the rllTtrromnv 
M m ,_ -jfiBin. generally la not large, and (B) the maximum value of A, (tv) 
pone rally oooura near thn value of o that la hqualto X /h (doaignntod here nr 
e» 0 ), The firal oatlmnte of the A n values la obtained from oKporlmnntnl 
knowledge (or eatlmntoa) of A, along the line y - 0 from field teal rltitn, nnrl fmm 
the assumption of n constant vnlue of A „ (tv) evaluated nl. rv w «a n motnngulnr 
■top function boiJfften:/v m i n jind tvWith this npprojdmntlon I8q, 4,!i) hceomcw 

A* “ A, (e # ) ItVmu timin') (4,1(1) ,j 

Substituting X/h for w In Plqn, 4.11 nnd 4,.) I gives——--- --■ 


nnd 


A,(a n ) « 


Tggg . b" ) 


(i.i m 


(1,86) 


ao that Rt|, 4.IB heenmoa, when solved for A 0 , 


A,, 


(h» - b a )A, 


4s!>!< 


/rr~rz^:. 

K / li M /b“ -i >;"/»" 


(4,shi 



V'ut 1 hII vmIiwh of the nnnnl.it.n1it, Hint IV»f I'niiHimwIitn vnluoa of X, 1 hr* 
value nf the mtlH'iil 1 1 Mq. 4,SM in Imlwnnh (1,1)11 unit 3,(in, no tlhn1, within lean 
than n pereeni, 


A' 


(h - h) Ih 1 h) A, 

.tar. 


The relalionahlp between A, n.ndl the nbaerved InWnalty, 1,(1), In diNouNomt In 
Seotlon 4,0,5, 


4«3.8 *sms& SltllllMI ^om Stem Altitu des 

The source volume for particle* falling from the item ij described, 
in outline, hy a figure that it circular in the plane pargllei to the ground hut 
whose rfidfu* Increase* exponent!ally with altitude, The lower radiue i* equal 
to that of the fireball (fl*) it the time the fireball leave* tise ground) the height 
at thla point la a lso H„, The stem radim* at the height, h-1« the aame aa that of 
tha cloud at full expansion, Thi* geometry portrays a particle aouror volume 
that expand* laterally, with Inoreaaing altitude aa well aa with fireball rtw ami 
axpanamn, until it form# tha cluraoieriauo cloud, The entire volume sr space 
through Which the rirobidl (or cloud) paaaea in it* riae la con aide red to he the 
aouroe volume of the fallnut particle* from the atem, 

The assumption* used for the model nrelimM below) aowie dla- 
ouaalrin of thebe aaaumptiom la given fn the following text, Many fundamentai 
dlffloultiea in the fallout modal a and in the ioaaio underatanding of fallout 
formation and ila distribution could ha removed if more Information were 
avail able oh the prooeaaea that actually ooour during ih# cloud rt ae, 

The descriptive equation# for the lull out from the atem altitude* are 
baaed on tha following naeumptiem»i 

1, The Rtem .aouroe of particle* ha* the shape of *« inverted 
exponential horn, 

8, The a phi r leal exponential hnm-ahaped volume haa a 
radlua, it,, at the height n„, and a radlwa, a, equal to the 
olfturl radlua at the height h, 

fl, The particle fall velocity vector, v, wind velocity, v„, 
unci their ratio, the particle sine-pa remoter,«, are the 
anme na fur pnillolea falling Irom nlnud altitudes, 


an 




4, The vnluint! mul shape of the cloud, iih II rises, lire 
specified liy Hu* major radius (defined In a above) 
and n minor radius thiit also Increases exponentially 
with nltifude from II, nt thu height It., In thu nlmnl 
halMhlolinoss, l>, nt thu height h, 

5, To make hand computation* feaMlblo, thu purl lulus 
having n given vnluo of c In tha aloud volume At n 
given altitude are assumed to he oohopiurnted on 

a hdrisontal plnne through the center of the aloud 
volume, 

a, The psrllolos rlie with n velocity that I* equal to 
or greater thnn the rate of rise of the center of 
the clnudi they begin to fall earthward from the 
altitude at which their fall velocity (duo to gravity 
forces) equals the rate of rise of the maun! of air 
surrounding the particles. Thin altitude la assumed 
to lie located In the region near or below the bottom 
of the rising cloud. Together with assumption 6, 
this assumption spedfiesThai partible groups with 
a given value of « fall only from one altitude or 
altllude Increment, Therefore the sliio-segregation 
with altitude, as described, is scmewhnl similar lo 
thal of an Ideal fluidised bed of particles. 

T, Particles having the same value of it fnll In the down¬ 
wind direction along the length of a hlgh-lnfanslty 
ridge near ground tsero. The dinmeicr nf the stem nt 
the altitude of origin of this group of particles Is (lien 
equal to the length or the ridge. 

The mathematical model for the shape ol the volume of air that is 
•wept out by the rising cloud Is based on thermodynamic equations for the 
idiahaUc expansion of an Idsat gas. Including a term for th* ohahp in free 
energy with altllude, nnd assuminu that the external pressure is proportional to 
•xpt*mg«/kT), In this stem-model approximation for the rising cloud (in which 
the number of moles of gas In the volume Is Increasing) only the exponential 
form of the equation Is retained for empirical fit to the dntn. The volume of the 
stem Is then represented by 



where V* and k, arc determined from n known volume nt a minimum <>f two 
ahtUHle* 





Hlmif thi* NUMii volume imiMt Iwvr thn Mitnif nlmpn iih Urn cloud volume 
«t lull nxptmalon, ntimnly tin nlllptlcnl rtphnroldor rnvolullonnliftut I ho « iikIh, 

Mu' mn,|nr unml mn|h ol Min atom volume may tin written ntt 


nnd lt« minor anml-nxla tin 



whore V„ I* 'mill In (4/11)ir«„• b„ nntl k v In nqunl In all, + li*., 

Hie vii luna of n„, fc,, ly» nnd k), . arc deter m i n e d f r om 


log n„ * log a 

b log a/ll,, 

H.afl) 

h - h, 


K/i-m. >. 

b - a. ■ 

(4.87) 

log b„ ■ log b 

lv log b/R, 
li - R„ 

(4,881 

k b /2. 301 •• 

log b/ll,_ 
li - R. 

(4.89) 


Vaiuea of the atom nnd firobn II-cloud geometry oonitnntn Tor ■ovorttl ylolflii itro 
Imtud in Table «t.i, The outer dimenalona or tho item are dorinod by 

x u -h y» - a, M (4,(10) 

for which tho con tor of (ho eodrdlnnte ayslom la nt aurfnue aero, 

The particle foil nnd aooumulnllnn nqimtlons for the Blfillonnry cloud 
could Ixi uaod for Ihe rlalng cloud In eatlmntlng the n groups nrrlvlng nl n given 
downwind looiUton, However, such computnUona would require Ihe use of nn 
electronic computer, nntl tho morn complicated treatment would not noceaanrlly 
improve tho accuracy of call mates mmio liy lining tho almplnr immputotlon, 
Thoao mathematical complications nre eliminated when It la nasumod that nil 
tho pnrtloina falling from tho rising fireball nr cloud tiro concentrated nt tho 
horizontal plann through lla center, This tiaiiuinpllnn nlno ollmlnnteH speci¬ 
fication, oxonpt lor Min lielghl. of Mm mini nf origin width 111 iho atom for nny o 
group nr riving nt n particular point on tho ground aurfneo, If thn <r valuen for 




Table 4.1 


VAIilIKH Dl 1 ' HTMM AND I'dHKnAM.-runil) (ll-IOMl'iTHY I'ONHTANTH 
l'’Olt HlflVI'lftAli WKAPON VIMI.DH 


Yield 

CfT) 

a# 

(ft) 

k,/a,noii 
(fr‘) 

|Jn 

(ft) 

k„/U.B0U 

(ft 1 ) 

l 

loaxicT 1 

1,07x10“* 

i.onxirt* 

i.aoxio" 4 

10 

4.80x1# 

0,01X1 O'* 

4,88x1# 

4.4(|x10‘* 

IIP 

e.oixio' 1 

1), 04x10"* 

o.aoxi# 

a.ioxio"* 

10* 

1,88x10' 

8,78x10"* 

1,04x10* 

i,4nxio"* 

10* 

fl.onxio 11 

3,04x10"® 

4 05x10* 

0,71x10"* 

10' 

0,80x10" 

x h4xi(r* 

8,04x10* 

0,00x10"® 


the panicle groups falling from the downwind tedge of the slam errand, Hiuhu 
from the upwind edge of the stem, cv^ , til a glvci; downwind distance can he 
determined, then It Is possible to sum up the activity deposltod at that location, 
The simplest ease I s at the v - 0 planoi the solution aon then lie gone rail mod by 
replacing a, with «/a« -y\ 

To determine «„ ln and rv^., throe equations are required in order 
to eliminate a, ami a from the stem model equations with equation constants and 
ylsld-depondsnt parameters, Two of the throe aquations am 

a. • *a ft *M (Ol) 

and 

a, >■ X - (vs (4,0li) 

whore rv Is either tv mlll or rv intM depending on the High of a,. 

The third required equation must give the cv valttu of the particle 
group falling from a given altitude, An equation for this description was derived 
from the data of Anderson 11 by the following technique. The altitude, a, Is first 
defined as the moan altitude of looallon for the particles that have entered the 
fireball or cloud and have colluded condensing radioactive clcmonls at time, 
t, after detonation, Tho aUltudcs tt b , r, t , nnd r, # are the heights of the bottom, 
top. and canter of the visible flr-obiill or cloud Hi limp, I, nfler detonation. 


aH 




I ,, rnm a plot of Anderson's rltilti on tin* wit* of rim* of the cloud for (In’ 
1,11-KT yield It Is found llml, rates of rise, fe (l and ft,, could bo represented qulti* 
ncournlcly liy n fimolion of the fortni constant Union (ok)i - HU over a given 
period, of tlnio. Tho Integration of tho rates of rim' with time should give lln< 
olovul height ns n function of time. The function for r, h tlum determined In 

h„ ■ (li-li)O - „-«■ 0f2it), , , r 10 aH() H(ll , (4,1111) 

whore h Ih the height of the cloud and b lla hnlf-thlekncss at H to 10 mtnutoH 
uftnr (Ictomitlonji The* multiplier <|\-b> in fl peroont Inrger than tlmt obtained 
directly from Anderson's dntn. 

In the ense of n„ Anderson's dntn give value* that arc about 4000 
feet greater nt 5 minute* after detonation than onn be obtained from Sohnwt't'H 
dntn 11 for the lo-mlnute cloud expansion, Blnet? Anderson's data give larger 
valued, It In n ami mod that lie either used unoorrootod observed dntn or that his 
vnlucH were ndjustod to the heights nt tho Nevada Tent Site. Anderson'n values, 
accordingly ,weve reduced by 30 percent to agree with the values of h nb that 
woulrl be nblnlncd from Hlqa. 4,13, 4,14, mul 4,13, giving 

v. ( 0. 33lTb+b)(J - e‘ 0,OW6 S.- t * 4 to (4,154) 

mid 

s, > O.B93(b+b)(l, UO - e" 0,007841 ), t *“20 tci 200 nee , (4,03) 

Tib teat whether the only yield dependence of the otjimlliin In that 111 
the pnriimotpf" It,and b, the rate* of ri se , fc,, are computed for the l-MT yield 
for comparison with the VflUws given In KNW (p, 31), The calculated values of 
fci nro found to be from 0 to 13 percent lower, up to 1,8 minutes i but, by 8.x 
minutes, tlm NNW rates of rluo nru 3 times largw, Also, the Inrger rates from 
the itNW (latn give integrated cloud heights thnt are larger than h+b when tlw 
cloud rise-rate* arc Integrated over the rise-time, Tltcrcfore, tin* rate of rise 
must dcorensc more rapidly nt the longer times ihivn is indieiiWb,)) the cloud 
rise-rate dntn of NNW, 

The height of the eentor of tho cloud, ns determined front the 
average of y <t , and K|, Is approximated by 

V'r '(I.')l3b (1,093 - e’ 0,<)09nlS t), t 20 l» 200 mm , (4,30) 


air. 




If V-,, If Uli> lulling I'lllo ill' M |l|l!'t III 111!' height, t. (Vr In iin 
nveriige full velocity, s/l, li'imi In the ground), mul / l« Hie rule nf rint> ill /, 
nf Dll' 1 nlr uround l.ht< piiriirlc, Iho pn rl !(•)(• r Mir in In lull on rl.hwn rrl Inimnillnlnly 
after if m normal lull min equals the riilnnf rim* or the mii* round lag nlr in nan, nr 
after 

v, - e (4.117) 

Prom Andornon ,'ii partlnie failing-rate rini.n for spherical pari Icier, 
the following relations between v, Hnd v, were determlnedi 

v, tv, f 0. 98 + 1,02x10"" m 

K a000 fa SO, (100 ft, (4.8H) 

d c 200 to 1200 microns 
and 

v*/v, ** 0.58 + 1,74x10?* iI 

r. * 80,000 to 1 30,000 ft, (4.8ft) 

cl b 300 to 1000 microns 

Aquation 4.SB, which Is applicable to most of the altitude region of 
possible stem fallout, fill the plotted date extremely well in the altitude and 
partial*-»ire range Indicated, liven when applied to altitudes of 1000 and 
80,000 feet and in particle diameters up to 8000 mlurons, tho difference between 
the ratios calculated from the tabulated Ml-rales and from the equation are 
leas than 30 percent, 

When the cloud raws of rise A,,, k,V, or fc,, and the particle-fall 
rates are used to compute the time of arrival of particles at locations very 
cloee to ground aero where fallout from stem allltudee should predn min file, the 
ealoulsted arrival times are quit# oonelitently longer than the observed limes 
when compared with the few available observed arrival times In which the 
partiole sines are alia known. Actually, the same discrepancy Is often observed 
for cloud fallout at larger distances, 

THle result, l.e., the longer arrival time computed for particles 
falling near ground new, Is not as genera) or comprehensive as might lie desired 
because of the shortage of data for complete verification. But ft suggests two 
deductions about the fallout process from stem altitudes, provided If Is assumed 
•bat, at n given time, the values of the particle -fall rates are more accurately 




known tiun in ini' fai.p nf riw of Ihe «if aummmilng iW patHole* (this aaaumij- 
linn Jm without doubt u good oitn). The first deduction id that the change in rate 
of ride of the cloud, with time. h« given by the exponential term a in the equations 
for a*,, and x<, represent* the change in rate of ripe of the air around the 
particle* more accurately than the rate of riae of the air itself ia represented 
heasuse of Inaccuracies in the equation multipliers, If thin were not (he case, 
the discrepancies in the calculated and observed arrival timea would not lie 
oonaiatemtiy of the same sign, 

The second deduction (a that, when the riling cloud take a on n 
toroidal motion, the larger particle* are involved in such a way that they 
experience downward aeaelsratians for acme rather extended period of time. 
Because the calculated fall rataa include only acceleration* duo to gravity, the 
computed time of fall (neglecting downward acceleration*) from the height, of 
the cloud would alwaya be longer titan the true time Conversely, when the fall 
rates art uaed, in order to eaiimat* the height of origin of a particle from the 
time of It* arrival on the ground (including it* rise time), the computed height, 
of origin ia leva than the cloud height. 

This interpretation of the above-mentioned observation* of partial* • 
arrival time may be used to describe, in qualitative term*, the process of item 
fallout. The rising cloud takes m toroidal olraltoton when ths internal 
presaurss and temperatures of the fireball approach those of the ambient air 
and a large-sool* air circulation ia established, Air and soil particle* riae from 
directly below the cloud in a narrow visible stem or chimney, and the sur¬ 
rounding alr la entrained over tht whala length of this atom. ThU rising 
material flow* Into the bottom center of the cloud, and the countercurrent air 
flow, around the periphery of the cloud, la downward. The observable effect, 
upon occasion, ia that the mas* of particle* appear* to flow out from the top 
portion at the cloud and then downward. 

When the toroidal circulation start*, a particle (or liquid drop) in 
to* central region of the cloud could, by centrifugal force, be moved to the 
cuter periphery of the cloud and thun be accelerated downward at spaeda 
greater then the particle’s norma! fall velocity; it would then be si a lower 
altitude than the cloud when Its terminal fill velocity is reached. However, 
even if tht* centrifugal action and movement to the exterior of th* rising cloud 
did not, occur for the majority of tho particle*, they could still fall from lower 
altitudes, by virtue of the downward circulation around tiw periphery 
of the cloud, than would be calculated on the basis (hat gravity-pull id one was 
overcoming the groas rise-rate of the vtatble cloud. 

However, even with toroidal motion the separation or fallout 
particles by their sires because of gravity forces Is still a valid concept, The 
■mailer particles will not move outward by centrifugal forces as far aa the 
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larger <>nn* In I Iw Klrcuhllion nnd thny cmild In- KWcjii Wick iipWiird through lint 
cloud ns long ns (ho volnrlly of llu< rlNlng nlr In Kiiffi cl unity large. To use lliiw 
concept In n mathematical treatment miulrns » mt«ih«Ml ol estimating (ho upward 
velocity o| the* nlr directly holmv (ho cloud, or n parUolo-nlllluilo (unction lor 
estimating *h< ? apparent origin ol particle* having a given value ol n, 


Assumption 7 and u few observed data were lined to derive n particle- 
altitude lunclion whoso use given u good rcprcaenlutlon of the Input tlnlit on the 
particle arrival Ilmen and particle sines used in Its derivation. The best 
representation of the data is 


h ■ r, u [ I - o" k,t ) (4.40) 

where k 4 la 0.011 see *, and g„ la a ylolcl-ilepondont multiplier whoso evaluation 
by meann of Aanumptlon 7 la dlsousseri later, The obtained value of k, le 
between the valuon found for the and % time-dependent functions. For use In 
the scaling system, the lower limit of application of Fq, 4,40 le assumed to be 
about 20 neoonde and the upper limit about 8 minutes. The rate of rise of the 
air layer from which the particles fall, represented by the coordinate *, Is 


K e kg e; k «* 

14*1} 

M«W - K), 

(4.43) 


The particle also parnmetorio, for the particle groups falling from 
the sppnrent sltltulde, », as defined IV the ratio v^/Vf, Is obtained from the 
combination of Eqs, 4,,17. 4.OS q^,4|90, and 4,42, and Is 




where v„ and w„ are the constants of Eqs, 4,38 and 4.30, 


(4,43) 


In the functions for the simplified fallout scaling eyitem, the nlnndnrd 
conditions adopted are (hat r. is 3000 to 30,000 feel and that v w la 18 mph or 
22 feet/secoml, For thane conditions v w v„/k„ In 1000 feel and v*w„/k, Is 0,090, 
In oases whore \ and a arc greater than 30,000 feet, these parameters arc 
1100 foot and 0,033, ruspeotlvelyt where appropriate, they are substituted for 
the standard values in making compulations, 
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Having found u suitable relationship Itolwoen n nml i*, llu- viiIiii'h nl 
m m | n nml n mM arriving nl, a given downwind dlslaneo along I In* eonler ol the 
pa Morn win lie determined from 


k,(a (l o„nn - IWI) 

2, + 0, 020) 

and 


“ i«*g x . 


omin ( 1 

Wmln 

- 1000) 


(cv mM 

+ (1.020) 


“Ing a n 

<4.4I> 


•-‘ ,00> . i„, .x] „„ 

»•“«<>-. + »'«>» [ to. 010 ) J ■ MB) 

The pnrtiole group arriving at the dlslanoo X from llu* center of the 
•lean, o', undnr tho same riiriRt* of altitudes and wind spend an In ISqui, <44 and 
1,1 Vonn Ik* estimated from - . 

i'J vrnmmm 

n ,|, „ (X -I 1900) t 4x + 1900)^ U, QH,i% a X ■ . 

_:__u - - -- 2s B _ ' , 


THn bright from which th© group fall* la 


* 4x 7 Igo(V F To. 0816»„ X. (X I- 1900) 

0.040H 


(-1,47) 


(Por altitudes grnotnr than 50,000, lb© ooivilonts 0,0816 and 0,01 OR nrn 11,1110 and 
0,0600, respectively,) 

Because the equations for cr m i n Ehd n mM ' are not solved explicitly In 
terms of thn equation constants and X, It la simpler to obtain <\ m i„ nml n m ,» 
ftrnphuuilly computing a, and tv at «©lnctet| vnluea of r,, onloulnting X from 
Kq. AM, nml thou plotting tho two valuoe ojf_w as a function of X, 


ftlnoe tho stem fallout acallng lystom has boon simplified to designate 
a spntlnl distribution of tho tv groups that are uniformly distributed In n 
horlwontnl piano at a given value of a, tt Is convenient to define the nativity con¬ 
centration of each group In terms of the number ef fissions per unit erosi- 
seotfonnl area nf the stem, ir this nonoenlratinh Is designated as V ||t thnn the 
total activity carried by each group Is 

A.(n) * 
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(4,48) 






Tlw tntnl activity pur mill nroii niu'imiiiliiled mi llu* ground nt (lie down 
distance, X, In given Ity llu* mini of I In* A „ from ri' inlll In «„ . nr. 


IV 

/ 


The procedure Cot Put I mat trip A t( for alum ralloul la essentially I,hr 
nanui as that for estimating A w for elnurffallout. The method la Itwami on the 
me of observed or estimated value# of A„ ((Ivan na u function of X, to determine 
!jy successive approximations A a as a (Unction of o', The first approximation, la 
obtained by calculating on average valuo of A„, for l.Ho value of ry nt each of n 
series of selected values of X along Uw center of the pattern (y - 0), by use of 


(' 1 , 15(0 


The appropriate vaiuea of , nnrt A,, f( 

from a ploi of caoh with the downwind distance, X. 


, nnrt A,, for if given yield, win bOToud 


4.9.4 MethfKlB for-Kfltlmfttlng thtt DyiiftffllnM of the Pgltaul Deposit!mi 

The time of fallout arrlvali time of fallout cessation, rule of 
deposition during fallout; Variation of I ha close-rate, and Potential dole during 
the fallout period, can all be estimated by use of the simplified fallout sending 
system, Association of particle sir,as with the average Tall rates from different 
altitudes will give the particle sire ranges that fall nt any location, 


The assumption of a uniform distribution in the cloud of the particles 
having a given value of a Implies that, at the location X, y, the first particles 
of the arriving group fell from the height of the bottom boundary of the cloud, 
hj. and that the particles (or activity) from each rr group will accumulate on the 
ground at a constant rule until the Inal ones falling from the height of the lop 
boundary of the cloud, h u , nr rive, 

For n constant value of the wind speed, or wind velocity vector from 
cloud to ground, 


H.nn 



Unit llii> |iiiii> of ihtIwiI, I.<»!■). for iho group In given by 


«„<r¥) low 

will) It) 

It, * It + II, 

ami liiw tlmo nf uuesntion, I for iho group is uivon by_ 

t,{<v> » m.mi 

• v w 


whorv _ ,\ 

h, ■ h + R, . (f.nn) 

In these equatlona, B q is the positive nr largest, vtluu of n, nntl k, 
la the negative, or amalleat, value of the Inlercopta of tint particle group 
triiJuratory, witli the cloud boundary, The interoupta are given by 

, nKX-nhJb 11 * ab »/(" M t rv^b* M) V/w u I 

- -. «" "rFST^TT 

The time period over which the group nrrlvea la 

, ■■ 

V* 

where 

Aa(nt) » , 

Since the total amount of partlolea or activity per unit area thnT 
arrivoa at X, y la given by A, (rvl, lha rata of arrival of the group is glvun liy 

A,(n4/At - , 


(4.50) 

<4.ftT) 

<4,5H) 


<4,ftl» 






Tlio fMini rule of nrrlvnl uf fiillinil nt liny lime niter Hie 1 1 rut 
pnrliuloM Mtnrl nrrivlng uun Ini delerinlueil by Humming the Individual niton for 
nil tho fi ri'iiiijih nr riving ill n given time. Thin mini In ulvett by 

(a„/ai), - J (4.00) 


the (rv m „, ,,) mill (iv, nM , ,) viiluon nre obtained from n plot of t , (tv) rind l p (tr) mt i 
n function of nr., Tho Intogrntlon Indlontod by fcq, 4 (10 (inn l»n enrrlod out 
graphically from n plot of A, (ir)/At(e) tut n function of n, 

Thu grogs nativity, or number of rndloaullvo atoms per unit nroit, 
jtemwtulated on the ground nt any time after the first pnrUcilos arrivin'Is given 

by ~ '-if « 


A,(t) ~ [ (A,/At), dt _ <4.01) 

> 11 ) ... " 

whore t* (l) In the linns of nrrlvnl of the first group. When t is i„ of the lust 
group to arrive, Kq. <4.01 is equal to the A, of ttq. 4.10. Bor ulosedn loontlons, 
« minutes, should be added to thoaa times to aaoount for tho eloud-furmnUon 
lime. 

/ Tho tlme of nrrlvsl df sn’uh parilols group fulling from the stem 
ultttudoii nt a given downwind location is tho sum of its rise time nnd full Lime, 
The rise llms of eflflh group m»y hi dstimaUtd from n combination of Bqn, 4,41, 
4.43 nnd 4.4H which iu ~“— ir 

I, (see) ■* 209 [log(fV + 0,020) . Iog(l900/n # 4* 0.020)]', (4.02) 

Wh«n l, is grostor than 31) ssconda the lima rsqulrod for the group to fall to tint 
ground is 

if " s/v, » fl'S/v w (4,011) 

or, with Rq. 4,4li, the lima of fill under tho same oonditlons of wind speed nnd 
height of origin ns in Kq. 4.02 is 



3UU 


(4,04) 



Thu iintivf(y nouiimiilntpd In tiny Hmc mm Ir di'icrnilncd from » pint 
nl (he integral (or sum), 


A,(t) - t A„ilrv 

4 "min 

against tho Unit) of arrival nl 1 the r» group nil given by 1, t ( ,. Thu rule nl' 
arrival of the of groups, If dual rod , min he determined for various Minas liy 
Inking slopes from the curve, The delay time due to particle circulation, as Is 
dismissed In Chapter 4, would inn reuse the arrival limes given hy t, + t,, 


4,n.ft ffimmiUaa sL lanlttUan lkl»,Btid.E«pginaf-BaM 

In order lo estimate the air Ionisation rate and exposure dose from 
A, (t), both a conversion from fissions per unit aren to r/hr ann a decay ourve 
for the gross rad load I vc mixture are needed, The conversion factor from 
flsslona/sqift to r/hr la defined liy 


- MO a K«(t)A| 

(4.WIJ 

«[*■»(» )i f „{t> + i : 

(4,07) 


in which 1,. (l> ta the air Ionisation rate par flee/fl at n feet above an Infinite 
ideal plane for a uniform distribution of the normal flan I on product mixture, 

I, (t) is the iRme unit Tor neutron "induced activities, r„ (t) is the grosa fission 
product fraationallon number, q x Is the terrain shielding factor, D Is an 
instrument response factor, and t la the time after fission, The true air 
lonisatinn rate, 1“ (t), (■ obtained when D ie let equal to cm«, 

ft!nee moot-fallout data have beea corrected in a standard time of - 
H + 1 hr and reported In values as of this time (even though the fallout had hot 
yet arrived at 1 hour), 11 le convenient lo refer to the onmmon-tlme data In r/hr 
liy means of a decay correction factor, d(t,l), defined by 


MO '* dlt. DUl) 





where 1,(1) Ih Urn MU' if mi /.i< linn mil' I'limflml Ui II M. II la hi>imi Hull 

1,(11 K, (I) A, (■»,«») 


and 

1,(0 K,(l)d(t,l)A, 0.7(1) 

Dif jirti-iitinl (isapoaure) (Ionic* from deposited fallout during nil lout 

iirrival in 


p, ' 

i- 


whom t, and t r urn the* arrival and ocaanUon tjroea, reapocflvely, for nil vnluea 
of (i arriving at X. Kquatlon 4.71 nan be integrated from a plot of l,*(l) nn a 
function of lime. 

In order lo oallmnlo (he done rain contribution from thin activity 
in the air an It lalla, the air conocnlrnUnna of all the pa rticle group* arc 
needed, HI net* a uniform volume* distribution oMhepnrtlole groups wan assumed 
and a single velocity for the wind spend was taken, the oonpentratlon of particles 
for each value of tv remains the same at all altitudes iind is given by A n , 

JKram v«Ivtilailona inad«!ley !oumetni* 11 the air ion)nation rnlo al 
throe foot Inalrte a plane Iwummry of a sorol-lnflniln volume conlfllnlng a 
unlformlyaUatrtbuted radiation aoum* la given Ity _ 

MU -7 ti.<VH)HlO" fl A, A n », in r/hj* (4,711) 

In which A, la the activity in dla/soc per fiaalon at the time, t, alter flaainn. 

An ia the ©sncMlraHon UTflaaTuha/lt b and hi* ia the total gamma ray energy 
In Mev/dis 

At a given time, A| ami 13, are constant, so that (he omtlrlbutlmis 
from (he particle group* of ell ft valuta arriving at a given time can be aummtMi 
aa In the case of the deposited mnlerlal. Multiplication by the appropriate 
values of A| amity for the deafgnaied lime will eonverltho aum to r^hr. The 
sum lor fallout from cloud nlWudos Is given lay 

l s (il- Q. naovip"" A, fc, A„rbi M 7:i) 


l?(Udi 


(4.71) 
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VhIiii'm for A. mid K. run Ijc derived from (hr dntn of Hollo* imd llitllmi 1 ' 1 
f.iiHIvIm',"* mid /Igmnn uml MiKikht,'" 

Tho method of «Hllimilloit for (hr loiilmillon rule from the iilrhoriio 
Itnrtlolt'M (utIvIhk from (hr alum iiltHude* Ih (hr mono km for (hone from cloud 
nllliudPH, tiMoept Uinttho vhIuu of A ( ,ln Kq. <4.71* muni ho uMtlmntod from 

A ( • -j (1.74) 

where v, v w /rv. In K(|, 4,74, tho v f applies to (hr o group .u reiving id the 
llmo i(M given dy Kqa, 4,011 nml 4,(14. Tho ionUaUon rate In given dlrootly hy 
Kq, 4.711 hoonuMo tho tdmplu stum fallout uonllng nyatum given only one |mrtieir- 
nIxu group an nrrlvlng nt n given Inntnnt. 
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Chapter 8 


CORRELATION OF HCALING MODEL PARAMETERS WITH 
OBSERVED FALLOUT PATTERN FEATURES 



Although observed data on fallout patterns from land surface shots of 
various yields are very meager, the processed data give Indication In a quali¬ 
tative way-of a number of persistant characteristics. For exathple, the general 
shape of the fallout standard Intensity contours (in r/hr at 1 hr) from shots 
where the wind structures were rather simple, resembles a shadow of the mush¬ 
room cloud and its stem on the ground, 

Because of the shortage of reliable data on the falloiit patterns from land 
surface detonations, any eystsmatic method for scaling fallout pattern*—!,#,, 
methods for interpolating and/or extrapolating data from one weapon yield to 
another—muet take full advantage of all euoh apparently peraistent qualitative 
oharaeUriitloe of the available patterns, In devising methods that aan convert 
the qualitative ohnracterietlos to quantitative onee, the methpds muet, of oouree, 
be capable of at least reproducing the observed data that wad used In obtaining 
the original coaling relationship*, which .are given ae funotlone of weapon yield. 

Some of the apparently persistent aharaoterletloe of the fallout pattame 
from surface detonations arei 

1, In the region near ground sero, the intensity gradient in the upwind 
and owes wind directions laVorysteep 

a. The high inteneities neir ground aero appear as an,Intensity ridge 
(rather than as a circular peak) displaced In the downwind direction 

3, The length of this high Intenelty rldgo^ppears to be proportional to 
the width of the tower portion of the stem 

The peak Intenelty of the ridge increaeee with yield In the 1- to 
10-KT yield range and decreases in the 100-KT to 10-MT yield 
range 


Hill) 


4 , 






fl. Thu host Nlmplu empirical relationship for the vurlutlnn of thu In- 
lfiiwily with upwind and orosswlnd distance from ground morn, from 
Hi'iiphlunl plots of thu iliilUi Is that of the form, fn«'~ k *, whom !„ Iw 
thu ridge peak Intensity, k lw a constant fop u given yield, unit x In 
thu upwind nntl/or urosswlnd distance from the upwind shoulder of 
the ridge pauk 

5!, The contours downwind from ground aero appear In bo parallel! to 
l ho Intensity ridge for iiw «nU r«j length 

7. At distances grout or thdn thu lenglh of the rklge, the Intensity con- 
fours dlreuily downwind doorcase with distance from ground store 

B, At some distance downwind (or perhaps, even upwind for very large 
yields), the low-valued Intensity contour* fan out and the Intensities 
dlreetly downwind, from ground 8§rn ridd sharply with distance and 
then more slowly with distance to n peak value 

n. The distance from ground worn to this downwind peak intensity 

^ Increases with weapon ylilei 

10. The magnitude of the poult Intensity aliicappears to increase con¬ 
tinuously with yield 

11. The distunes between the lower-valued contours appears to be related 
to the width of the aloud (not considering wind shear differences) and 
the maximum width seems to oaaur farther downwind than the peak 
intensity 

12. The variation of the Intensity with downwind distance from this outer 
pattern peak can be approximated within reasonable limits of error 
If the wtlfld shear is nob large by a function of the form t„ o' ! n \ 
where I n Is the peak Intensity, m Is rt yield dependent parameter 
and x Is the downwind distance from the peak, 

The above listed fallout pattern eharnoterlsllcs are based an a combination 
of experimental observations und until,y sen of fluid test (lata, The most reliable 
of the group appear to be those numbered l, 8, 4, fl, 7, 8, and 0, 




n,u quiu'i'ni !{> Which the Hnujvc i»«tu Apply 


In deriving lht< onipli'lciiI canslnnlN for Iho soaling I'undlions r.!' Urn fnllmil 
pnUni'iiM, llu! available iliiin were rnuverlod lo she rHoronoe nf loo fission 

yiolil (II « I), including ii.h neutron oaptunusi per ilselon hy l> HUH la give Ilia 
appropriate vnluo of I, (I) In roentgens per hnurhi i hour. 

AImo, I,ha 1,(1) values (or standard liitnnHit ln«) uorreNpond lo rndliui 
measurements (rikon ill throe fool above.un extended open area contaminated with 
fallout ns It existed wlmn tho measurements were When. Thn reference rarilne 
instrument for tho 1,(1) values Is tho AN/PDW-.*H»<TlH) portable radlnc, II has 
a Roomolrlu and phot on energy response of very nearly 7ft percent of the true 
air tonly-iUlon onto nt throe foot nbovo a plane source of Hanlon product* uniformly 
distributed on the nrnu. Thorefora lo obtain tho true nlr lonlnnllon, In calculating 
exposure doses, the 1,(1) vnlues should l|c multlpled hy t.nfl, 

Tho average vnluo of the terrain shielding fnclor, which la automatically 
oentatnod hrtho source data, Is about 0,70, The dntBVbrgenornl, apply to U-aftft 
fission, for which tho l l(I (l) of Eq, <|,07 is U.lMxlO"‘‘Whr at l hr pnr fission/ 
sq fl. The value of l,(t) for tho Indtoiued Induced nativities is O.lDxtO* 1 * r/hr 
nt f hr per flaslon/sqlt, With those numbers, Eq. ^Wlinoomn* 


K, (1) 


3, 90x1 cr 1 " r, 


<t) + o, 019 




r/hr at 1 hr 
flsaion/aq, ft, 


,<5,1) 


The numerical coefficient Is MiixiO 1 * lit r/hr tit 1 hr par KT/*q ft and lium In 
r/hr nt 1 hr pnr KT/«q ml, However, r, (l) la tilio Included In the observed 
datato some dngroot just How much Is unknown because most q(Ufce98 data were, 
doony-oorrooted to H+i hy a single depJsy ourve, The exeat value and depend¬ 
ence of r,(i) on distance is not mV d fc devoloplng the dealing functions sinaa 
It Is unnecessary to snpnrnlo the product K, (DA, in tho derivations. An nvorago 
value of r, (1) is defined nt tho and of inis section to account for the fraction of 
tho total activity produced that fulls within a given nron on the ground, 

The average wind s|ins4 for the source data used, wns between 19 and 
15 mph, It may i»-a»sumed« : terdf#fri that tho Hording functions arc for un 
average oreffectlvo wind speed of lfl mph, 



ii.ii Hon Him Iv’i.muUuuM Jor l ,, n limit. I'oMmi ! ,, .i«nUijM , n of .intnreHt. 

Homo of l.hn pattern I'nidurnH ol Intot'oHl. nloim 111* 1 downwind iikIh (y o» 
of I ho idnallKnd fill lout pntlnrn iiro mIiowii In Klpm n.! iih ii Mohimifitlc Inl-mmlty 
profile, Tho mimhnr* wlinwn In tho figure oorrnNpond In the nymlmr mibHcriplH 
of thn Munllim funotlrmn, Tho ovnlunlwl mulling funutloim foe lluino mid other 
quaiiillInn are given In Soollon ft,4, Tho prowulumH mill munimptlon« lined lit 
olitnlnlim tho nu merlon I viiIuoh am doaorlbod I to low, 


5.,-1,1 IwUnptW ttldan Hour around Zoro 

Thin rhino Ih iiMHuinuil to roault from tho dopoMltlon of pnrtloloH 
from Hlom altitude*, Itoommo (I) morn dntn nro available on tho fiillmit 
((npunltt'd in tho vkdnlty ofground-/,nro Tor-Mut-fncm land MliutfHhnn for other 
downwind nron? nnd (B) tho simplified to Until (*f!nHn{i-«y«tom for th" atom 
gciomplry could not ho uliilnnd In n straight forward manner to reproduce Iho 
observed intniiMltlon upwind from ground aero, I,ho wealing funellon for -X,, 
tho upwind dlHtiinno to tho l r/hr nt l hr In ton wlty, wiih derived dlroeUy from 
tho-oliHarv-od dntn. _ — -- — -— 

ActMirdlim lo olmorvntlon n in Hoellon 11,4,1, tho poult Ihlonwlly nnur 
ground Morn lit given by 

1b, h - oxp k, u (X H . (h,li) 

I wliot-n it) In n ylnlil-tlopondoni parn motor ova Hinted omplrlunlly from olworvnd 
dntn, Tho pnrnmotor designated by X u In thn distance to tho upwind shoulder of 
tho Intensity. odgoi lhl« loontlon generally does not oolnolde with Mint of thn 
orator nt X •' 0, 

. . • ! ' . ■ ' " ■ ' ' • 

Tho loim-th of tho Intensity I'ldgti, X (l * X« t , Ih assumed-lo lm tit|iiiil 
to Hm din motor of tho stem, Un for tho pnrtlalo group railing from n ohnrno 
torlf^tlo iillltudu, k„, One poSMlbln explanation for Ihojjobmorvnllon-of thn 
Intensity ridge In Hint n Inrun number of fallout piirllelox having n rather 
narrow slKo-rnngo fall from a given am nil ranitn of nliilludo nflor thn flrnhnll 
rlmm some dlslnnoe from thn grntind boonuso a basin (ihnngo in thn Internal 
nlroulntlon hurt onntirrnd, Thn nnwnl of toroidal motion, lor example, might 
romill In lljo rapid ejection of tho Inrgor particles In n whorl period of time, 

Thn dumping or ejection of a rathor Inrun number of big particles mlichl n Iho 
coincide svllh the time It lakes tho larger particles Lo mnito one pass throimh 
the rising firoball prior lo their mnsH migration to the porlphnrnl roglonw 
whom the air currents nan nootdnrnln Iholr lull downward. 














Ninon liolli It, Mitrl m h !•«> |m-4Mir1 IoiimJ I '.tW, wlion* n l« 
I In* no mo i,vpn of rlrpnnrtoitpo on ylpM is tyr (S,. ; X, s/y, 

Honnuao liii* aaaumplion r»*«julri'w Mini |:>i* pHrlicIn faMln# in 

tilwi minimum tv #rowp that arrive*.ml X r anti the* mnainiu.m <*• ftrtiwii 
Xg, tho partlnUm l.hnl tall from lib* iWwr -of fhr airin mu at bind <u' 
The* pHiilrtf'-alrt' paramplnr Indldpior ifor Ibrap jeabl Irina, thpwfrtp 
ritvflnrtl by i 


V>;* ‘V 

Min# ^-nm * n , 


. :na a, * to# li«) n'-'v.'. 

-a, * —-ip H.]\ <M* 

•onpe lirywii'HkiiM^ 'to |«if it tM'S^mii'iadf, lit v# lot* -cm-w;to* 
nalotvittln<l, W 4 a Dhon ava'ItaMa i« ttym'ii j ‘twUnwtoa -of it „ and X„ ft*'*; any yfMAa, 
*by nan of liho rtrtallona ' it 

• 1 ! il ■■ ,]'■ 

Xy * 16 l> jj! || a, *■ a, .1 fOiBI 



Vhr adtflilioiu! «aa.wfi«i|y)la ! :lio ryabaatr ibfiiparaimriet'i' r, h nhai 
dlpfinaa Dho rata-eil'-Hae fHnrtlnna, ;U| of Hfc.'Mate nflaJcv ahr rl AlwMton 
waul I* in ■ ii ; i 


,,K *" k * ; j /«.•» 1 

whlcih, ■tor. ■liho ail fl/aw* wind apowl.jKIjXllf/'iO.ftfH) Cl nh li\iK9t<a , rW vlar llwr* 
rrf 2fl In BOO art*, la (jflvrn by i • / 







mid, ill 


e with /. values greater (li«« iO.< 


II, 


give 


(«.») 


These evaluations of »„ assume that at the same upward force 
Is acting on the particles that may go higher than r.o.ooo Cent ns Is ndlng on 
those that fall back (row lower altitudes In a general way. (he equation constants 
lor the higher altitudes should not apply to yield* Ibr which *, Itself Is less than 
tfl,000 (eel. For the empirically-evaluated constants, the ylelda for which the 
high-a It I hide equations apply Is actually near I0 1 -KT, The upper limit of ?„ 
is <h-h), This limit It exceeded for yields less than about *- or fl-KT, therefore, 
for the lower yields, ts, is replaced by (h-h) 

In estimating the change In the relationship between l, ()1 X,, and 
X, with chango in wind speed, k s , Is assumed to remain constant. This means 
that the Intensity level* In the upwind and eroaawind directions Ineroase or de- 
erraid with T^j aa the wind speed decreases or ineroase*. in the model for 
fsllout from stem altitudes, only one pttllole-sUe group Is described ns railing 
from s given altitude. 


The invorao of the fall velocity of the group, from Eqs= *l,as and 


l/V|- 


«M + 9.2? x I O' 4 * 


<M0) 


The downwind distance at which the particle group fall* from cither edge of the 
stem is defined by 


X « v w »/v ( »i, 


(ft.ll) 


where a« Is the stem radius at *, as given by Sq, 4,S1, and v m is the wind 
speed, By calculating the values of l/v f , X, and a, for a ssrlea of selected 
values of a, it is passible to construct a plot of the maximum and minimum 
values of l/v, against X for a selected wind velocity. When this Is done, the 
two value# of I A*j approach a central value a# the wind speed increases and 
diverge ss the wind speed decreases. 


If the location X t 4 at the center of the downwind Intenalty ridge Is 
selected as (lie location at which the variation of I, with wind speed is to be 
estimated, and If tt la naaumed that an average volue of the activity per unit 
volume can be asalgned to a central particle group, then t,,, can bo estimated 




from 

l M K y ,. ( (l)A, (n v .m.) <».!») 

whom A, Is the nvornge vnluo or the oononnlrntlon, In fissions por on fii Ky, n(l) 
In n constant for onnvnmlnn to r/hr at I hr, sty (s tho iilliludn of origin of tlin 
Inrgeul particle also group nrrlvlng nt X V|li , nndV., Is taken fi» tho lowest. 
nltlludn from which pnrtloloa fnll fit X g(L ,, In tho yield rnnge of from 100 In 
110,000 KT, and for wind spued* from 7,'fi to 10 mph, tho depondonon of r, t - r,«, 
or A» I|9 , on wltiil speed unn Iks represented by 

a h,!I I ... (0,111) 

whore AR} |!t nod o nre yield-dependent pnrnmotors. The virtues of those two 
pArainsUirs nod the derived values of K| (i ,(l)A| nro given In Tnbie n,t nt 
several value* of weapon yield. In making tho vnloulatlpn, X g| ,, la estimated 

from ' " '-I - 



“ (IT.T47 

to v w /v M . whom 
arrives n't X >(() , 


'hie sealing system described nbovn le designed In rnprmiuoo rough 
Iy, by menne of tho assumed pnrtlelo source geometry, (1) tho fnll behavior of 
a given pnrUole-alm group, and (if) tho variation In slr,e-sprond of tho group ns 
a function of wind upped nnd Weapon yield, This general nppronch la repented 
for other fallout pnltorn features In the following (motions, 


The variation of K| nnd X-, with wind speed la nail mated by 
multiplying n #(!t by v»/|fli a r I* assumed to be Independent of wind, Tho 
indleatori change of X, with wind speed, from tho assumption or.a oonslnnt 
V’tluo of ki,|. Is 


where I, (i1 la given by Kq. A. 18, For X f computed for the snmo value of v w ns 
l # 8 , the value of X, in Kq. n.ift is for t, * I r/hr nt I hr, 



Table n.l 


WIIATION PAUAMKTKH VAMJMH roll Till'! VAHIATION OF WITH 

WIND RPMKD* ANP ni-llUVI'IP VAMII18 nr K B ,„ A, 


w 

<KT) 

Anf ,n 

(ft) 

n 

K»,(i(l)^i 
(r/hr nl 1 hr/fl) 

K fl| n<l)X r A«f ( „ 

(r/hr nl, l hr) 

too 

1.8,800 

-0.7R 

83.0 

808,000 

aoo 

13,700 

-0,78 

in,a 

11)8,000 

BOO 

13,400 

-0,77 

8,30 

na,ooo 

1,000 

13,500 

-0.760 

5,00 

70,700 

8,000 

13,000 

-0,70 

8,04 

54,800 

5,000 

14,000 

-0,76 

8,00 

80,400 

10,000 

13,800 

t<0,74 

1,08 

30,500 . 

80,000 

18,100 

-0.71 

•V 1.80 

18,000 

(10,000 

11,100 

-0,88 

0,538 

10,200 


a, Wind epeed In mph, 

5.3,a Location of the Downwind Standar d MiBlUJLfiaDiavr-felL MM 


Thu partlole-alae group dealgmHnr,« *, for partlclea fnlllnpt at 
la aailgnert to the group that originated from the cantor of the item, TKI» group, 
from Kq, 4.4A la apoelflcd by 

» . jXlliM ♦V|X. | 1900>*~~> 0.0816«Ix7 

and, given the yleld-riapcmdonoe ofa X« aan ha aatlmntod from 


a*(a t * a '» 1900) 


f B.17) 


If a«, given by X*/oi<, la greater than 50,000 reel, the Ihdlontod 
equation uonalontB arc replaced by thoao provlmialy given for the higher nltltudnu. 




Km- wind speeds other llinn in mph, K; !s tltrool!y propurlluwil in 
thu wind speed. If the full velocity of thn renter pfu’llelo-sl&e group In drstgnnled 
v.,, thou Mij, n.n in 


x, - *£hhi : H< " \!±.„, (ii.i^ 

(I + 9. 27 Ik I O’ 4 vj 

Tho vnrlntloij of tha lcul?,aUon rntn lit X, duo to thn nnrrowlng of I,ho pnrth'lo 
sUo with wind speed Is given by 


whore Ar,, is tho «pnn In altitude from which the particles lull to X.,, Thn 
vnluo of Ar,,, Is given liy 

v (vi - vJlHfi. 2L1 T ?« 873*10"* w n ) . ■ ( . ao) 

' (1 + 9 , 2? 3k 10*"* v,M1 + 0. 10 ‘‘vj,) 

In which v L nml v, nro the respective vnluos of thn lergost find smnllost par- 
Help fn!! rctt*s for tho groups that arrive nt X ,. Thoir volutia hue determined 
by tho mothorl described for ostlmnllng the vnrliHfon of I M with wlnd spenTl. 
Calculations of Ass, for yields from FIQO to (10,000 KT, nndfor wind spends from 
0 to no mph, give 


Also, It wns doturmlned Hint 


K,(1)A, ■ 8, 72x1 o" a W w,u ' u (o ,2 

so that, ns might lie expected, 1,1s Inversely proportional to wind speed lin'd 
Is given by 


for v w In mph. This result occur* heenusn. the spun liwrRIt-Hde-id' nrluln for 
the pnrtleliisnrrivlug nt X., Is very narrow, 



(i.iu Stem Pattern llulf- Width 


Tlu> half-width of the stem fallout, (Icml^nnttul Y,, is the Intern I 
distance from thu cahltuHlne of the stem pattern (y « n) to tha l r/hr at t hr 
contour, llnouuso of the geometry lined for the stem, where Iho dinmoier of 
thu upper portion of thu atom becomes proportional to thn cloud diameter, tlm 
ratio Y„/a in assumed to vary uniformly with yield according to a function of 
the* formi constant time** W*, Tho constants worn evaluated empirically from 
observed dutn, 

For wind speeds pthor than Ilf mph, the r/hr nt L hr contour* mny 
ho osllmntod from 

V. . ILfSigsS (MM) 

io« *8,n ■■ —.. .. .. . 

whore Yjf I* the half-width nnri tjj,, is the ridg« intensity for the I a mph wind 
spend, This rnlutlonnhip assumes that tho logarithmic slope from the Intensity 
ridge In the y, or eross-wlnd, direction la independent of wind speed. Thu 
logarithmic aiow, and i»j |4 assumed constant for a given yield of detonation, 
results in a slight reduction in the fraction of the total activity that is noueuntod 
for In the atom pattern with Inoreaaing wind velocity, sincotho docrenso in Urn 
total activity that ia due to tho decrenae in I M with wind speed la not quite 
compensated lor liy tho inoronao In the diatnnoo X 4 - X„, 

An additional contributing factor ia the neglect of any spread in 
X„ - X, with wind speed, Tha over-ail error In tho aroaa onoloaod Ity given con¬ 
tours, or In the total activity in a pattern, liy thin simplified treatment of the 
variation of Y„ with wind speed, however, (a not largei tho error ahould decrease 
with yield since the fraction of the total notivlly In the fnflout pattern thnt comoa 
from atom altitudes (according to tho acsling system) dnoruusuM with Inoronaing 
weapon yield, The shape of the so-called ground aero circular contours should 
tend to flatten on the aides and the radius should deevonsd toward tho value of 
Y „ as the wind speed inernnses, 


IhflJMitnnuo Jn. FallouLP nt tern Features lor Fallout frumPI pud 
AifLUUiPS 

The basic assumption in tho scaling of (he cloud fallout pattern 
features la Unit the distances from ground soro to various points In the pattern 
nre approximately.proportional to the height of the particle elouri source' geometry, 
The second assumption Is thnt all variations from a direct proportionality to 
cloud height lor triangular sealing of distances, for example, involves n gradual 

2ilh 



change. with weapon yin Id, in thn particle nl*ti groups Hint arrive ill n Intuition 
of Interest. 


Thn assumed form of the gradual change of thn Inverse fail'-velocity 
clnslgnntnr, fv §1 Ik a\\ W", whom ivg a ml n are yield-independent parameters, 
In Uni mintrul area of fnllout from cloud altitudes, the above assumption* result 
In n distance-son ling funollon given by 

X » ft. 60 x ICW 0, 4 ^ rv n i W ■ I tci UHKT (5,1)0) 


X « 1,68 x 10*W 


iv„, W « 3BKT to 10* RT 


(I).DO) 


whom t»„ :jli the particle-siso designator for particles fulling Along n line from 
the center of the cloud to X since n„ is equal to X/h, The dlstnnons doslgnninri 
X 8 , X ? , X„ and X, are sealed by uas of those functions. 

For locutions underneath the cloud and near the upwind limit of thn 
fallout from cloud altltudoa, the distances are better dotormlnod by bo- 
esu*s the peak value of A* (a) tends to shift towardi becomes smalli" 

Tho location of Interest In this case Is the upwind point of tho 1 r/hr nt| hr 
standard Intensity designated as X R , Tho tllatnnce**aonl:ing function for t|i!a 
location Is 


1 


X» * 6,6<talO>W 0, ^ff» - 1 . MOkIO 1 * w° 300 Vl,06W° , 2A2 I 4 „ 


(5,87) 


or 

X s _* 1,68*10*W 0, I<H CTr . l, dO*IO«W™ ^06W 0, ihl + qjj , 

w *28 (o hv*kt; 


The acnllng function for w n la n«aumod to bo of the form, rv R f W H , For lower 
weapon viold«, X* |h larger than «,hi at the yields and wind speeds where 
this occurs,,Ihn variation of X R with yield Is given by Kq, 5,85 or 5,8(1, 
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5,11,5 Tho InfmiHlty |,iHVhIh ill PilUern l''mi|.Ut'oh for fi'niii Clniiil 

Ajtll,llcloH 

HiihiIIoiih I’nr imilniiit-liiK tho vnI’tuMon nf tho HUindiml InnlKitlon 
rnlo, or tho rmlliillim Ini,minify, nt the nolonM downwind lomillonn nro dorlvod 
from tho iinmimptlnn Hint, tin iivui'iiko viiIiio of A, v mm bo iihmIkihhI to tho 
pitrtlolo grmipn cnntoring nl <v„ wlioro tho viiJuoh of 3v*n' li nro mnuill. Tho 
nvoniKO vnliio of A „ (ro) for tho ho onndltloim is 


A,Uc 


£ A nW b 


1 o “ li w 

Tho Integrn! of A „(o )tlrv 1 m them given by 


A K i&Xrt tfii 


J_ iv miW t (y/n^/b* 1 ' 

\ Wmtii + .vfc> /b a +f» l W 


wlioro A, In tho jAiintnotlvity in tho nnmo unltn tin A,,, Aotimlly, tho upproxl- 
mnte Intugriil of A K <rr >tltr mny bo npuUud Ui tlio lovotn hi locution* wlioro 
hath X and rv tiro gmnilrtt* well liH-iiPlatmtlonp whttfo the mtd-rnngo vnlwo of 
It ntmr (V n , Tlili iipplUmllon In for loimtlonn undornmith tho olnuri whoro X 
In nmnlior tlmii tho ulnutl riidlun, 

Although tho vuluon of tv mjl , und «- l(l onn be ovnluutod from Jity, 4»i| 
in term* of rv„, it In more cnnvunlmU, for hnntl oomputntlonn, to civil] unto then 
logilHlhmlo term by nppmxlmHtlng fv mil „ nnd rv mln from 




"■»« " <v« + «/h 


- »/h 
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vnrlutlon of the throe pnrumotnrn with weapon yield or l»v Hu 1 vnrlnlloii In rv„ 
with wind upend, Hhuui the lower limit id' iv from the aleiii model Im tv M , mid 
(he lower llmltm of w for thi> eloud model lire not MpeelHeil without eomplele 
ovHluHtlon of A a , the vnlue of fv lt)ln for Inoidlona nl whleh n# ' nh la taken to tin 

min rv«, n <n ,;ir>) 

Although the mini In# ftmollonS for the dllTorenl ohnrMotcirlallr 
HlttndHftl Intonaltien at liumtionn underneath the eloud where uh(X * n) ore 
evnUintod In Rq, 15.H by using cv» n for a mtl|) bettor first owtfmates of A „ hm n 
funcitlon of ti tire obtained when Inn quantity X,/ (li-b) Im miiIimI lluteil for o« llll(l , 
providing X i In loss fliuti X^, The true vnlue* of o mlll for different weapon yield* 
hnvu not yet been determined, 

With tha above llmltnon «„, the nunllng equatlona lor the Intensity 
JavnU at the ndected lotmiloBs nru 

l, *> K, (I) A n »xJ.6Q6 Ion. fv, Kr,/h -IR.fifl) 

n ml - ■ 

li 1 Kf < I) A„#i 4, ftOfi -to-H.-0^ . fV |S«/li . 

where W' " • ' . - ' 



nwl fV i •" I’ok the dlnmooo X,, In the on no of X„ , however, ojf In the some 

d'niM At X i where o 0 + n /h In moeh Inrger tlinn n/li, r/i u rerluonn to 


»li t w/h 
on “n/h 


<n,4n> 





Tlin pnrntii(i!'!'H K, (i)A m Mini K^JJA^ lire itsdumei! In I** ilopcmlnnl 
on only the wnnpim yield nml to have it yield••(Inpomleticr of the fornv, nonulnnl 
timed W". The effort of the wind upend on I, I* del or mined hy (he ohnnge in 
log <j\ a It lined hy the |n«>ren«e nr deerenne In w, with wind upend, which Id 
determined from 


n, (v w ) * <v w n SIo,(l8) (MU 

for v„ in mph. The doming functions of a, wjth weapon yield were evaluated 
from dials for it preoumed effective wind speed of 115 mph. 

The dueling functions presented here could he used to evaluate A ( , 
a* a function of o' as well as for the approximations thst are given by 8qs. 4.StB 
end /or 1,50. Use of either Set would require n dories of reoomputdllon* Of A, 
to obtain s region Italy good fit to the gorier *1 shape of the fallout pattern down- 
wind intensity profile and to olher pattern featured. , 



The Healing function for the downwind diitanoe, X |( to the maximum 
pattern half-width. Y t , is taken to he similar to those for X, and X ?. The 
partictsfroup designator for this distance, is taken to represent the can© 

in Which (h# maximum pattern width is measured between the 1 r /hr at 1 hr 
contours whoa the average wind speed is lit mph. Tor some of the data used to 
determine soiling function parameters, the maximum half-width wan found to be 
roughly proportional to the cloud radius as of * to 10 minutes after detonation, 

the crosswind distances to given contours in the fallout aroa depend, 
Writ, on the lateral displacement of the particles during the rise of the cloudi 
second, on the wind direction* at all altitudes from (ho bottom to (he top of the 
cloud, and third, on (he wind speeds. Thus, the observed hall-widths result 
from (ho combination of the three. 

■ The wind speed has (wo effects wh-th* lateral displacement of an 
intensity contour, cm# is the displacement of particles, because of Uw relative 
hertwntal distance traveled in a given prrted of time,. "The other is (he decrease 
in surface density of a given ate* group with wind speed, because of the change 
in the angle of (he particle trajectory, Kent*, even for (he case in which the 
wind direction is (he same at all Altitudes, a change in wind speed results in a 
change tndh* maximum uroii-wind distance of a given intensity contour. 

In general, the difference in direction of (he boriwmla! components 
■of particle-fail trajectories, because of (he differences in direction and aposd 
of the sir flow from the bottom to the top nf the fsllout particle source volume, 




I* called th« wind shear. Because of the diffloultlea In correcting fnllout-imtium 
data, and Iwoaus# acme of the available data have maalmum pattern-wtdlha rough - 
ly proportional to the cloud dlametera for about the aamo wind speeds, the over 
all effect of the wind shear la assumed to be the same aa for that group of data, 
The data, together with derived restrictions on the fraotlon of the total activity 
that in carried by fallout partlolea within a stated low intensity contour, were used 
to determine the variation* of ¥„ with waapon yield, The method used la given 
In Section 6,8,7. 

Tha variation of Y„ with wind speed (for a given wind direction) is 
determined relative to Y* for n wind speed of 16 mph, The representation for 
this variation la 


Y«(v w ) » Y,M9)S(v w ) (5,48) 

In whioh 8<v w ) la tha relative shear factor due to wind apeed only. 

The valuea of »<v w ) determined from the fallout scaling system 
parameter* for different wind apeede are essentially independent of yield. The 
Indicated value of Y«(v„) la for the particle groups falling at the downwind dis¬ 
tance! the asDOfltated Intensity contour, that passes through the location at 
Y,(v*), X" Is the asms as that at X a for the atm* wind speed. The intensity 
at the looation it thua 1 r/hr at 1 hr whan tha wind speed la IS mph. Value* of 
Sfv„) at aeveral wind cpeada, and tha associated Intensities, art given in 
Table 6 J. 


Table 6,8 

SUMMARY OF THE RELATIVE WIND SPEED SHEAR FACTOR, Kv v ), 
FOR THE FALLOirr PATTERN MAXIMUM HALF-WIDTH 
AND ASSOCIATED STANDARD ®NI*ATK>N RATE, 

FOR SEVERAL WIND SPEEDS 


Wind Spaed 
(mph) 

* v w> 

u 

(r/hr at 1 hr) 

7.6 

1,678 

a 

15 

1 

i 

ao 

0,(40 

0.71 

90 

0,694 

0,60 

45 

0,664 

6,33 




Thn value ul' Y„ Ini' ihn 1 i /lir nt 1 hr contour run be cat limit ml 

from 

V„( 11 . Yw<v * > Jl, “ ,T <n,4n) 

l»|l If/!« 

where It nnd t« are the Ihtonaltlcs at X T and X s (y ■* 0) for a «lven value of y w . 



With the simplified fallout scaling system and the atyliaed downwind 
inisnalty profile U la convenient to construct contour* by using simple geometric 
fornta which approximate to some iletfrfis the true shape* of the oontoura, and, 
within reasonable l liwtta , anoount for the fraction of the activity produced that 
falls back to earth within their areas, 

The assumed shape of the Intensity contouri for fallout from atom 
altitudes ia a partial circle having Its cantor at X„ and an elliptical contour 
about the Intensity ridge whose major axis ia down the length of the ridge and 
whoae minor axis 1* oroaawlnd, The center of tho ellipse is at the intersection 
of the circle, centered about X, with tho major axil of tho ellipse. Thus, tho 
area within ths t r/hr at 1 hr contour (111 mph wind speed) may I* approximated 
by ” ' • , 

8A( 1) *j 3, H(X a - X,J r 4 1.871 Y, (1)(X, . ZX # + X,) <M4) 

This approximation gives an underestimate of the ondoeed area be¬ 
cause the ellipse ia actually centered at a downwind distance of X* - X,i at 
that point tits minor axle of the halfrellipie ia tangent to the circle, The error 
in tha araa estimate is largest lor the lower-valued contours and for the larger 
weapon yields, the maximum underestimate possible, for yields less than about 
iOMT, Is 1 ton percent of the total area of tho item pattern contour, based on 
thn asiumed geometric shapei the true error involved is unknown, 

For the stem-fallout pattern, the area within contours other than tho 
1 r/hr at i hr contour can be os 11 mated from the following function*, These 
are derived from the definitions of the Ideal!serf three-dimensional Intensity 
surface, The function* arei 

8A(1) « S.HfXp - XV + I.S7Y, (X + x' - ZXg) (5,4|l) 
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whsrn 


X' 

X, - (2.f0t/k| g ) log (1 I(I /|J 

(n.td) 


,, | (Xg - X„) log (Ig, |, /I) 

■ <M7) 


* n M (J s, n/ J 4 1 

Y, 

(2.103/k,) log ( 1 ,, 1 ,/IJ 

<n.4H) 

2.30.Vk o i 

* V/loglj,, 

(B,4») 


whers X" is the upwind dlstanoe between X, and X B , X is the downwind 
distance between X, end X,, and Y, is the oroeewlnd distance for the con- 
tour of intensity, 1,, for l values between !, and I ajS , The values of Y # , 
and I,g (g arc those for a wind speed of IB mph, ’ 

The ah ape of the t l'/hr at l hr contour (IB mph wind speed) for fall 
out from cloud altitude* la described by the smooth join of two ellipse! atX» , 
Y, and osntsred at tha point X, on tha pattsrn center line. Th* upwind liilf- 
ellipae for the 1 r/hr at t hr contour (IB mph wind speed) has a major kk»s of 
Y* and a minor axiB of X r X s( tha downwind half*slUpso has a major sal# of 
X»-X| and a minor axle of Y,. Thus tha area within thla contour can Iw 
•stlmatad from 

CA(1) * 1.97 Y,(l) (X# - X,) , (BiBO) 


for other oontoura, the areaa can be estimated from 
CA(1) a 1,57 Y (X u X') 


(Ml) 


Vg lH (lf/,1) 

J°« (MW ’ 

(X, ■ XeHan (It/ l) 
Jo* (If/la) 


(B.BB) 

(ftxflB) 
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nnd 


(X„ • xj h> H d/l„ I 

x'l X, I -.. - , I * In , 

1« K <I (| /!„» 

or 

K t - X„) lug-<1/1,) 

X * X„ 4 -— -- , 1„ f 1 * I, (ft.8H). 

log Ur/1#1 

in the above equations, X la the til ala moo to tho internally 1 farther 
downwind than X T . X' ia Iho downwind distance bntween X, and x, t umt Y la tho 
croua-wlnd distance. Tho variation of the dtatnnno Y with intoftalty la colon 
H Utad from the aaiumptlon that log I decreases linearly with tho distance 
botwean the polnta (X„0) and <X„Y»), and I I* I, and I», roapoetlvoly, at tho 
two locations, The total area within some of tho lower- valued contours tor the 
combined fallout from both atom and cloud altitudes la leas than the sum of 
■Aft) and CA(I) when tho two overlap The Joint center of the elllpaoa moves 
from X N toward X«r aa I Jajno raised from !,. For wind speeds other than 
IS mph, I, and 1 ( (at X* and X g l are not 1 r/hr at 1 hr. 

The activity produced lay a detonation ia about l.iteltt 11 1SW fission* 
whore W Im the total yield in 1<T and B ia tho ratio of fiaalon to total yield. 
Some fraction of this total activity ia contained within the fallout pattern, If the 
activity in a,pattern in summed over the fallout area from ton central high lit-- 
tensities'down to a stated low-valued Intensity contour enclosing the largest 
aha*, the fraction accounted for increases with yield'. An iMlsflUtm. hate 
or intensity sum of a fallout pattern made in thiB way doe* not account for the 
activity deposited on toe ground at tower Intensities than to*.selected "lowest 11 
contour, nor does It account for the fraction carried away on very awall parti - 
oles ae world-wide fallout. The aum or integration of toe activity over toe fair 
out area can Im used, however, to determine too fraction of the activity that la 
aecmtnted for, In the fallout pattern, oul to a stated lew-level contour. 

Thia fraction l« defined by 


C(|)K<1> l.tX IQ** 1IW * / I.(I) da <».»«> 

in which C(I> ia too true fraction of the number of fissions accounted for, and 
K(l) is the average value of the ratio of r/hr #t 1 hr to the number of fiaaiona 
per unit area for all the activity within iho area, a. The average or accumu¬ 
lated fraolionalion number, for the radioactive elements accounted for, may Im 
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<n,57) 


defined through K(l) liy 


K(U ' [r< I )k ,■ (I) t k UI] 


When tho standard values of1), ( 4 , (1) and k'j(l), Crom Rq, 5,1 uro auliall- 

tUflcKi, the nativity Integral in. 


r 


1,(1) < 1 . S.4fmlG ,n [r(lH 0 . J9j C(I)BW 


For obaerved fallout paltorna, the Integration la carried out by 
replacing tho Integral with a aum, auch an 


j 1,(1)da * Xi|lj Aa, 

wliuraT, ia determined from 

T" jj " [jtl. 

l > * 2,101 log I, /!. u 


in which tho designation ) la for tho aucooeslvo daaroaaing values of t,(l) 
uaed In carrying out the auromatlori, and Aa, la the nroa between the con tour a 
I, and l, M , Thla particular value of F, raaulta from the aemllognrtthmlc 
approximation of the variation with distance of the Intensity profile. 


The activity Intagrala over the fallout aroaa obtained from tho 
aonling ayatam con be carried out, ualng the naaumod shapes of the vontoura 
for the patterns from the atom and cloud fallout. The activity integral for the 
atom fallout pattern, designated A,, for the aum out to l<, can bo eatimoted from 


<a.«i) 


j 6 , 2*4 1 , IT 

3(X 4 -X,| 2 

1 


2, J0Hor (1 b, 3 /J 4 )_ K lf a 

j 


for tho case where !§ ; »* l«. 
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Tho ncillvtty infi'Krnl for (ho cloud fnlimit piilinen, tlenlgniHo'l A„, 
(inn Ini estimated from 

A - ■ t^t r* (d&lnW * -'» 

* (i r?"■*»* «• H < 8 “> 

* D° s I'WUl • U./I.I * o. »t»] **>■ 


for (he ones where 1„ >> 


The dependence of V* on wind apeed Is determined from these equa¬ 
tion* by computing the value* of the various distances end Intensities at several 
weapon ylslds and wind speeds and thsn sol ving for Y* by keeping tho suhTnf 
Ah end Ac constant for n given weapon yield, Thle procedure keeps constant, 
at least approximately, the frnotlon of the total activity that Is carried by particle 
groups of a given minimum elee, The Integration Is carried out to the low Intensi¬ 
ties, M and In, whoau dependence on Wind spied la the same, BO that the limit 
of Integration is, In fact, changed with wind speed, The lower Intensity limit 
used is the 1 r/hr at 1 hr for s wind speed or IB mphi thle defines the particle 
groups that are involved In the Integral a for other wind speeds, 


i. FaUaiAt. Patl«t£nj|g.Billn,.t.. 


The sealing functions given below contain cone Unis evaluated from observed 
fallout pattern data. The number subscripts oorreipond to the notations given 
In Figure 0,1 on the descriptive plot of ths standard Intensity profile far the line 
directly downwind from ground sero. The functions apply to an offectlve wind 
speed of 18 mph and for a surface burst of 100 percent fission yield, All distances 
are In foot| all Intensities arc in r/hr at 1 hr| and the ylaid la in KT, 


Tim scaling Tunctlono for tho a valuoa nro! 


log , « -0.500 t 0.070 log W , 
log cv/ - 0,370 i O.OBO log W , 
logo, * .-0,170 0,033 log W , 


W - 1 to 10- KT 
W i to 10 6 KT 
W * 1 to 10* KT 





h>K <Vh 

-0,004 i O.Olin Inn w 

w *• 

1 In 10" KT 

loft n„ 

0,0110 i 0,000 Inn W 

w 

1 In 10* KT 

log r» T ‘ 

0,040 I 0,141 Inn W 

w 

1 tn 1(1* KT 

li»(t rv« . 

O. lfift 1 0,101 Inn W 

w - 

1 In 10* KT 

log »v„ 

1,1171 - 0.184 Inn W 

w - 

l In 28 KT 

log «n "• 

0,080 l 0,140 Inn W 

w - 

30 In 10*KT 

The (Willing fonr 

iiiins for (ho dlHlnnoes n 

rui 


l0R<-X,) * 

II.HOB 1 0.400 log W , 

, w * 

1 to 88-KT 

- 

0,504 -l 0,010 log W , 

, w -■ 

98 In 10*-KT 

X 8 - 

o’a.ii o, - n» 



X 9 * 

j, r,„ + «„ 



X, » 

^SS» 




wlwrci 


log n„ - SI.HHO i «,n4B lr»K-W - , W « 1 In 10*-KT 


!l,ac)i i(lon o„ - l«£n t ) 

” v '"'"k7 •• ~ 


. ' 

Jog n„ 

* lng O -(h log 

•A) 



log o 

.. »- a ,1180 + o,4a i tog w 

v , r w * 

1 to 10 b -RT 


ln« h 

"« 0.SB0 + 0,445 log W 

)' W ■» 

1 to 2H-KT 


log h 

" 4,220-1 0,104 log W 

, W H 

98 to 10 R .KT 

----- — ■ 

log fl/F1„ 

* 1,070 +' 0,008 log W 

, ' w > 

no 10"-KT 


log n. 

- a.aiiH- o,8fi8 log w 

, -W-» 

1 In JO 8 -KT- 

hwI 

l<„ 

r. n 

- -OaRji/n,)/^ -n f ) 

1000 •• '(tVg', 1 , I 0,0U0)r H 
«a.s 

, Will 

-KT , v w 15 mph 

or _• i 


r. n 

<h - hi 

, W TS 1* 

-KT 


For v. nr *„ grimlor (him 50,000 Inn!, (ho uoimtimth 1000 lint! 0,080 im> 
1100 imd 0,085, •*«>»»|umtlvol.v. The pnrntmdoi'N n „, /„, mid v, a lire ns«ui«rd (n 
ho liuleponilenl nf Ihn wind spend. 


25(1 






log X|) 


11,044 + 0.4,17 log W , 

W M 1 In a*KT , ff, n/h 
W - an to icPKT, * n/h 

• 

4.041) + 0,1*5 leg W , 


- 

r,.fi!lKl0 1 W 0,MO -1;64Kin ll W 0,m Vl + 0.1108 W n '™, 

w - 1 to a* KT , fVft fe tt/h 

X, 

- 

Miteiew*'"** i.a*HioF‘w 0 - anB Vi ♦«.»(» w 11 '™! 

W - 88 to ltfKT, n„*t fl/h 

. log x n 


0,850 + 0,411 log W , 

W * 1 to 2BKT 


- 

4,855 + 0,800 log W , 

W r'BRtoloPKT 

log X 7 

„ 

8,861 + 0,580 log W , 

W - 1 la 28KT 

- 

4,608 + 0,306 log W , 

W - 88 to Iff KT 

lo«X B 

H 

4,003 + 0,500 log W , 

W - 1 to 88KT 

- 

4.410 + 0.915 log W , 

W ■ 28 to lO^KT 

log Xn 


5,100 + 0,310 log W , 

W - 1 to 88KT 


5.602 + 0,311 log W , 

W « 23 to ICfKT 

log Y» 

- 

3,683 + 0,400 log W , 

W ■ 1 to Iff KT 


Value* of Y* for yield* other than thoae given oan b* obtninod from a plot 
of the llatod vnluaa ngalnat yield.* 


The aoaltng function* for the high Intensity ridge nonr ground noro, the 
(ntenaltlea at the ahoulder In tho oloud pattern, and the InteHaltloB of the down¬ 
wind pattern feature*, arai 


\mh^ ■ k T ,.<X,-X ,1/2,908 


where __ _ 

log kt,a - 9,808 - 0.404 log W 
¥ 6,1100 - 0,837 log W 


w " Itoas-KT 
W • #8 to 10*“KT 


< Sk>* Table* 5.6 above and 5,3 below, 


am 




I«)« log k #i!l (l)A, i logAr,,, 


(111(1 

IorI., *■ log k i < I )A f i log A r,., 

whcn'n 

log AB aiia - log + » log v„ <floo Tnble 5.1) 
and J ' 

log ar 4 > a.aao + o.odo log w - log v w , wV io« to 10 s 

nlao, 

'OR Kj S A, »' II.OKH - 0,452 log W t W *> i'0* to lO r KT 
log M, - 8,050 « 0,040 log W , W « J0 8 to J0*KT 


Pop I * 5 through Ri 


t " t-noon KiA,, log «, , «, * n /h 
Moon KjAttlog *f , r», < n/h 


log n/h " ”0,451 - 0.014 log W , W w-4" to ii*KT 
- -0.H87 * 0,807 log W , W -8HtolO»KT 

r~ a/h) ±\Aiuht-* jt£* 'jskp 

(fv, - n/h) + 4 ^ - nThfi ' 1 M 1 

*/h) 

."" 


log (ii/hp - 6 t im + n.sng | 0 r w 

-log-R " 9.380 .+ 0,431 Ihk W 








and wlwrn 


i«g 

* 

■3.830 

0,803 

log W,W- 

l to 

83 Kt , (V« 

n/h 


* 

"8,3311 

• 0,379 

log W , W - 

83 to 10 ft KT, iv i ■" 

n/l\ 

log 

KjAb * 

-3.135 

• 0,400 

log W ,W - 

88 to l0*Kt, tv£ < 

a/h 

log 

KsX ff » 

-1.134 

- 0,074 

log W , W * 

1 to 

lO^KT, n* ft 

«/h 

log 

KJA W * 

-1,893 

• 0.088 

log W,W« 

1 to 

10 S KT, < 

a/li 

log 

k t T b - 

-0,989 

■ 0,037 

log W , W * 

1 to 

10"KT, <v, ft 

n/h 

log 


-1.070 

< 0,080 

logw.w- 

1 to 

10-KT, of < 

n/h 

log 

Kfl^a * 

-8,100 - 

■ 0,338 

log W , W « 

1 to 

10 n KT, <4 k 

n/h 


The valuss of the fallout pattern features from the above sealing functions 
are given In Table ft,a for aeveral weapon yields, 

The scaling funottona for a ( and K|(l)A derived from the scaling system 
aujnait that (l) the dlulrlbutlon of the activity in the different particle-slse groups 
tenda to broaden with yield, and (8) the diatrlbution ahlfta to smaller particle 
elaee with increasing weapon yield, Because the highest lntensitlea are near 
X Tf the psrtlolB-alse groups having ths highest value of A are tbosu of the 
else group designated by at,, None of the more complicated fallout model* In uee 
at the preeent time considers a change with yield In either the activity particle 
«IM or the activity fall-velocity distribution*, an thla result suggests. 

The product (r(T) + 0,01)0(1) for the scaling system varies from about 
0,4 to 0,1 bstwssn i-KT and 10° -KT (far Integrations out to ths l r/hr at 1 hr 
contour), These results indicate, at least for the larger yields where the fraction 
of th* activity on the ground but outside th* 1 r/hr at 1 hr contour 1» very email, 
that both the over-all fractionation and ths fraction con tribe ted to world-wide fall¬ 
out daoreaae with Increasing yield, Thsas indications are in accord with 11) the 
•htft of the activity particle siic distribution mentioned above, and (8) the slower 
cooling of th* fireball with yield, Both factors should contribute to • more com¬ 
plete so avenging of the vaporised Mellon products by soil particles, For com pari - 
eon with similar values In RNW and other publications, the valuea of 0<l)K(l) in 
terms of r/hr at 1 hr per KT/eq ml for the h(k selected yields, 1 to 10"-KT, are 
8S0, 1140, 1830, 1330, 1430, and 1300, respectively, 
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88 llluatrallvo C o mpu tation! for t.h«* Uae oftoe Simplified FnlJou[ Boa liny 

■nil's 


Tho uao of the idling function! and of tho limplified fallout aoallng 
lyatem la illustrated in thin aeetion by eome oaloulatioiia for a l-MT yield aur- 
faoa detonation, Tho firai ai«p in contracting iho idealised oonloura la to plot 
(or oomputo) tho intonaity profile! along too center ime of too pattern aa log ((1) 
againat diatanoo, The aooond atop ia to compute or road off tho diotancea from 
aurfaos aero to a pre-aaleetod aet of contour valuta, The third atop la to plot or 
oomputo too aem(logarithmto line from <1^, 0) to (l, Y # ) for too latoral loca¬ 
tion! of the oonloura for the atom fallout (boo Eq«, 9.44 to 6,491. 

Tho fourth otop la to conatruct too atom-fallout pattern by marking 
on a rectangular grid too noted diatancei to each contour along the line y - 0, 

The "ground-aero" circular portion of too pattern to toon drawn to. by flrat 
drawing too appropriate circle* centered at X, and toon closing thorn to too 
lateral dtotonoes taken from toe I,.- Y, plot, At toto point, too contour# aro 
drawn parallel to too X-axto and cloned (wlto aa elliptical ahapej If a common 
polat cocura oa the X-axto, Tho remainder aro oNtontied to about toe dletaneo 
to too teweat-valued closed contour, 

• ' ' ' ^ ^ " .. . •• • 

T he fifth a(*p to to draw or oomputo tho Mmlloparltomlo lino from 
(! t , S| to (|,\/r|* (X 4 -x| r 1 to 'determine toe contour Imsatieno between (Xf* «1 
and <X,,Y a ). If too dtotanoo between tkoae two locations to designated D, and 
toe distances from <X T ,0) to the selected contours are B', toon toe litoral distance 
to oaoh one, Y, to determined from IYV D or directly from BK». 9,41, Tho 
corresponding downwind location, X,, to X, 4 B1(X 4 -X,|/D or- X,MX, X,) 

<Y/Yg>, There are to* potato through which toe elliptical contours of toe aloud 
fallout pass, 


-The fartoaat upwind locations at X', Q are read from toe Uttoaatty 

profile between X, and X, or computed from Bqp, 6,94 or 4,99, The upwind 
half-eilipoe to given by tho equation 


(X, - X'i» 1 Y 1 


(6,491 


The downwind hilf-allipee to 






In whioh X is th« downwind distance to the contour between X u and X v (eee 
Rq. §,63). The various intendty-dlatanoe lines and profiiaa for the 1-MT yield 
ere ehown In Figure 6.Si the contour* derived from them ere shown in Figure 8.3, 
with the distance* converted to statute milei. 

The pattern of Figure 8 8 la in many respects quite different from 
those described In ENW, Table 8.4 give* a few comparisons of the two derive* 
tiona for the i-MT yield, 


Table 8,4 

COMPARISON OF FALLOUT PATTERN DATA FOR A l-MT YIELD 
OBTAINED FROM THE SIMPLIFIED SCAUNQ SYSTEM FUNCTIONS 
AND FROM THE ENW METHODS 


"j 

. ■■■'■■ ■... 

Diatoneel 

ft Hltffrl*_ 

ENW 

Method 

Simplified 

System 

Upwind DUtanoo to l r/hr contour 

6.8 

IT,4 

Downwind Distaaes to 1000 r/hr oontour 

68 

98 

Downwind Dtatsnoe to 100 r/hr oontour 

181 

•8 

Downwind Diatliw# to 10 r/hr oontour 

190 

a?e 

Maximum Half-Width, 1 r/hr oontour 

88 

88 


a. Wtnd'Ypoedof 18 mph. 


The major pattern feature* not too stuped In the ENW seal tag method 
are the observed prenenoe of the major downwind peak and tbe oorreepondlng 
rapid broadening of the pattern in the region of this peak. Also, the bugs (round- 
aero elrole obtained by the ENW method does not Sfrea with obeemtlone for 
yields greater than a few KTi the as two eoaltng system* should give patterns 
moat nearly alike for yields In the region of l-KT, Comparisons of the fallout 
pattern features oalculatod from the simple eoaltng system presented hero with 
those from other fallout models, are discussed further in Section 8,6. 
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The method of uatlmutiny tho limes, rales, and duration of fallout 
arrival, and the resulting exposure dose, la illustrated liy calculations for the 
1«MT yield. Two location! are selected, one at the downwind distance of 
a.aftxio'ft (8.3 miles) and the other at LKTxlO^ft (38.4 mlles)i both are on the 
center line of the Ideal lend pattern. The standard intensity at both those lo¬ 
cations is bOuo r/hr at l hr. At the shorter distance, essentially all the fallout 
comes from stem altitudes! at the greater distance it all arrives from cloud 
altitudes. Different methods are applicable to the two oases i the one for the 
fallout from cloud altitudes la described first. 


To make these calculations, estimates of A u as a function of a 
are required in order to evaluate the integral of A*(o) ae indloated by Eqe. 4,8 
to 4.11. From Eqe, 4,33k 4,88, and 4,78, the first eetlmate of A* ie given by 


Au * 


6 . 17 * 10 * 1 ,( 1 ) 

K<n + o.oi*T 


(8.88) 


However, since r„(i) ie not known, and slnoe the term (r,(l) + 0,019) will oan« 
oel out in adjusting the integral of A„(«) do to 8000 r/hr at 1 hr, it is convenient 
to rmpimvm the multiplier ofl,(l)with the obnetent, 1/K*(1), so that 

K.(H ■ l.M-Ki- [* »>♦<>■ on] ■ (s.eei 


In the first eetlmate of the distribution of K.(l)A ft with u , the a for a given 
value ofL(l) 1# taken to be equal to X/h, The distribution curve ter X S (1)A„ 
ie shown in Figure 8,4, 

The computations ter n wrt Vw hg, h 4 , K,(l)A,<a), and 

K u (l)A,(ft)/bi t are eummarlaed in Table 8.8, The values of Kg(l)A,i(u') are 
plotted in Figure 8,8, The peak value ie noted to ooour at an a of about S.l, 
which ie Uiee than the value ofa u * 8,886 for thl* diitanoe, The integral under 
the aiirve ie K B (1)A, * e.aflxio'' r/hr at 1 hr-ft, and A, Is a.Maio 11 / |r H (i) +" 
0,019] fiesione/eq ft. . 1 

The calculated standard intensity, from 


1,(1) » 3, 90xl0 -13 | r,(1) + 0. 019 | A, (8,67) 
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in 1500 r/hr nt I hr, Thin valuu in about 7ft percent of tho pattern vnluu, 9000 
r/hr nl 1 hr. In order to makn the calculation more exact, the dlslrilnilbm curve 
of K« |1)A |( should lie increased about 111 percent, for iv viiUioh between end 
5,0, However, since similar calculations at, several additional locations would 
Im required to make n complete second cellmate of K^LIA,, end nlnue those 
have not yet been done, no correction In marie in K*(1)A„ for thin illustration, 
Instead, the correction wen applied as u single multiplier to the final value* of 
I, (1) 

Tho times"of fallout arrival, i ( , end of cessation, t pl were Increased 
by 0,id hour (b minutes) to account for the time of cloud formation, The lime of 
arrival Intervale, shown in Figure (1,0 an a function of tv, form a closed loopt 
this aurve is used to provide the range of tv groups that are landing at any given 
time, The rate of arrival of the radioactivity oarried by each if group In 
Figure 5.7 shows the highest rate of accumulation for the larger particles (those 
having the lower a values), 

The activity arriving at any given time ts the sum of that being de¬ 
posited by all ths tv groups that are landing. The indicated summation in shown 
in part of Table 5,0, First, the sum under the curve of Figure 5,7 wao obtained 
by summing the areas of rectangles, This was done by reading the midpoints of 
each 0,05 increment of iv and accumulating 0,05 times the values directly on an 
adding machine, The iv ranges for ssleolsd values of the time were taken from 
Figure 5,0 anti thn differences In the summation to the respective values of 
Wj^ and a m u, arriving at each time wore then calculated by diroot interpola- 
tlon of the summation. 

The total rate of arrival shown in Figure 5,8 reaches its maximum 
at about 9,5 hours after detonation, Ths summation of the activity under this 
curve la 0,81xl0 v r/hr at l.hr-tt, which is in agreement with tho summation of 
K n (i)A*(cv), The l„(l) values wort obtained by adjusting the total to 2000 r/hr at 
l hr and adjusting all ths other valuta by the same factor, The daaay correction 
factors, d(t,i), were calculated from the data of Figure 11,2 (see Volume II, 
Chapter 11), which includes ths contributions of about 0,8 atoms of 11-952 pro¬ 
duced at «ero time tor each fission event, The product, l,(l)d(t,l),!«the value 
of l*(t) nt each time after fission. 

The maximum observed intensity indicated Is 493 r/hr, occurring 
nt 3 hours after detonation, The shape of ths intansity-llme auryo Is shown in 
, Figure 5,1). The exposure doss, b„ ,1s the summation under this curve limes 
1.33 1 this factor corrects for tho instrument response contained in the values of 
I,(D. 

The dose accumulation (true air ionisation) over terrain suoh as 
exlstod at tho test sites ts 444 racmtgsns up to lime of cassation (3.11 hours), 
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Krnni the dewy curve of Figure ll,li (moo Volume II, t'lmpler II) the total expo¬ 
sure tloMe Im '15-11) roentgenn ill -18 hours, DllHl) roentgens ill I week, mul 8470 
roentgoiiH ill 11,11 youi‘8 (111In Im Ihe so-called Infinity (ln»o), 

Tho contribution to thn rlnnn rate from airborne netlvlly can I)p esti¬ 
mated If It In assumed Hint the fractionation effect on A, cnnonls Hint In A#, 

Tho dose rnto from the airborne material should be proportional to the rule of 
deposition of the notlvlly, no thnt If It In computed for one time the contribution 
Rl other times Bhould ho proportional to K„(l)A„/A t, The time «elootod for the 
calculation won 8,11 hour*, tho limn of maximum fnllout deposition, 

At this time tho arriving particle groups hnvo a vnluoa between a.74 
,j and 4,10 (*oo Table 3.fl). From Ftpro 9.4, the Integral, or summation of 
^ K # <l)A#d«, between these rv values fa 8,02x10" r/hr at 1 hrt Increasing thla 

by 31 percent to correspond to the adjusted deposit level give* 3,80x10" r/hr 
at 1 hr (observed). If (r „(l) + 0.019) la assumed to equal unity, and the 
value of A t 15, li taken ns that for unfraotiorinted flaaton products, then 
tho integral of A„d a in IHq, 4,73 li 8,38x10“ fisstons/ou ft, and A,E t Is 4.4x10"® 
Msv/sso/flsilon. Thsss values give a dean rate of 9,9 r/hr at 2.3 hours, 

The contribution to tho Ionisation rnto at 8 foot above tho eurfaoo 
from the deposited pate riel St thla Umo of 8,3 hour* Is 219 r/hr, giving a total 
Ionisation rnto of ago r/hr, The airborne contribution nt 2,9hours Is, therefore, 
About 4 peroont of the total Ionisation rate, However, at 1,9 hours, Just as the 
fallout Is beginning to deposit, the slrborne Ionisation rale Is about 2,4 r/hr or 
just over 90 percent of the total, It Is seen from Table 3,9 that, at 2,3 hours, 
the summation of K, (1)A* /At is slightly less than thin value and, since the same 
sum mutton would apply to tho Ionisation rate from flit-borne material, the total 
exposure dose from this source would be less than 9,9 roentgens, This is about 
2 percent of thn total exposure doso, Thorefornratihis selected location, the 
airborne material la not an important contributor to the total exposure dole, 

Thu first stop In making estimates of the arrival times of the vari¬ 
ous particle groups and tho resulting dose rate from atom fallout Is to compute 
J the values of cv mll , and at several downwind distances, Thp .a values are 
plotted against distance and read off at selected dlitanoee as required to make 
the first estimate of (he distribution of A' ft as a function of a, To make thla 
estimate, Eq. 4,90 Is used, In the form 

K* O jA' n * 1, (l)/(« ws - 

where K„ (1) Is assumed to be constant In lieu of Information on the dependence 
of r„ (tlA'p on n, The nvernge particles! sc group at a given downwind distance, 
<v, Is calculated from -i /g. 
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Thu videos of f.v nilll nnd itl various downwind dlatnncon urn 
moat easily determined by onIruilol inn bin vnliio* of n» nnd tv for dl(Torout values 
of ft by use of F,q*, 4,111 nml 4,4II and then from Ifiq. 4,MU, computing the dlalancc, 
Theainiiiunllons, fur ii J-MT ylulil dclnniitlon, ni'u 


Uhl i 2,72x10' "a, 

i goo i 0,020 v, 


OUIII) 

(n.70) 


and 


X * tv Vi ^ m • . <r». 7 l) 

The visUina of w mll) and nf IMII obtaInert from these threw equation* 
aro plotted In Figure n, 10, The computation of the flrit eatlmnto of K, (l)A' h 
as h function of IT, which la shewn In Tahle n.7 end la plotted in Figure Ml, was 
ffifldoby use of the-l* (1)-valutas of Figure It.S. The odd shape of the dlatrlbutfon 
near ita maximum la due In the snaumption In the aenllug ayatem, that the top of 
the activity ridge la flat from X, th X 

The time of fallout arrival and the distribution function of K T (1)A' ff 
should not he applied to distances leaa than N,, which la aboutJSOOO font tor the 
1-MT yieldi however, K M (1) should approach row as rv or Tv approaches r,ero, 

Those distance* will not be of much Internal for estimating fallout arrival time*, 
■Inoo R, is approximately equal to the crater radltii, 

For the llluatratlve computation oT thontt-rtwl risn of liilout from 
item altitudes, the standard Intensity or 20t)Q r/hm at l hmwBS again aeleotod, 
For the atem fallout, this Intonalty occurs at X * 3,30x10* fool, or 11,3 miles, nod 
y ■ 0. The time of arrival or each particle group, selecting 10 mph for the ! 
wind a peed, can hr estimated from Jql, 4,fii and 4.( 14. For the 1-MT yield, 
these arrival tlmea are 


and 


t* 51 O.OSH I [log (fV t 0,020} i i, i hj] 

I «' i,ibx!0 ‘ " fv<aH, 90 f) rv ■ 1900 ) 

" («+ 0,020) 


<M») 

(3,711) 


for the time In houra, The group arrival time fa the sum of t, nnd I f (noglrollng 
the delay-time due to clreulnllon in the fireball). 1 rnm f igure fi.io, nt the 
aeleoted dlatnnee of 8.3 mllea, la O.SO. nml r» mi()l Is 1,00, The arrival 
tlmea for thoae group* nnd lor particle group* with intermediate value* til rv, 
the calculated activity an a, and the calculated inn!nation rote*, are shown in 
Table fi.fi. 
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Tiihlo ri.H 


(JAMllUiATNIJ AlllUVAD TIM MB AND DOBM HATKfl IWHINd Tlll'l l' , Al 1 l,nHT 
PKMOI) AND HI* TO 1,8 lilt AT THIS DOWNWIND DIHTANDM (IM ll.il MlliKH 
MIIOM A 1-MT Yll'Ilil) BIIHPAOM DETONATION 


„ 

W 

(hr) 

D 

(hr) 

t 

(hr) 

K, (l)Ap 
(I'/hr nt 1 In') 

K ,( DA , 
(r/hr nl l hr ) 

I.O) 

( r/hr nl l hr ) 

<1(1,1) 

1,(1) 

r/hr 

0,00 

0.007 

o.aoa 

0,005 

1 , 80 x 10 * 

0 

A 

2,811 

0 

0,00 

0,008 

0,010 

0,084 

0 , 7 X 10 '* 

550 

non 

2,08 

1,01(1 

1,00 

0,000 

0,0114 

0,400 

7,0 

1)00 

TOO ; 

2,50 

1,700 

1.00 

0,070 

0,000 

0,430 

0,4 

1,540 

050 

8 , 43 - 

8,000 

140 

0 , 075 * 

0,071 

0,440 

5,2 

1,000 

1,100 

a,!i4 

9,710 

140 

0,070 

0. H 2 S 

u , 40 a 

4,0 

1,805 

1,1125 

2 , ’>5 

2 , 118(1 

i.ao 

0,074 

0,407 

0,481 

0,0 

8,000 

1,400 

2,17 

11,170 

r.ao 

0,070 

0,490 

0,500 

9,05 

2,229 

1,580 

2,00 

11,1100 

1,110 

0,070 

0 , 444 -- 

0,5 a o 

8,48 

8,058 

1 , 075 - 

2,01 

0 , 117(1 

i.no 

0,077 

0,4011 

0,500 

8.08 

-27471 

1,770 

1,04 

0,400 

1.40 

0,078 

0,480 

0,558 

1.70 

2,505 

1,820 

1,80 .. 

0,440 

1.40 

0,078 

“ 0 , 4 ,PB 

0,570 

1,47 

2,045 

r 1,880 - 

1,825 

11,400 

1,00 

0.070 

o,im 

0,500 

Mil 

2,712 

1,025 

1,700 

11,1100 

1,00 

0,080 

0,804 

0,014 

1,00 

2,708 

1,070 

1,700 

0,050 

1,00 

0,081 

, 0,008 

0,01)11 

8 , 7 X 10 * 

3,810 

3,000 

1.040 

0,280 




0,80 




1,2110 

2,58(1 




1.0 




1.000 

9,00(1 


— ■.' ' 

" - 

M - 


— - ! 


0,7 ill 

1 , 50 ( 1 - 




1,4 




0,01)8 : 

1,280 




l.o ■— 




0,580 

1,000 




1,8 



v 

Or 14 2 

—HN I 


U7fl 






In ihn computation, K* (l)A„ is tho summation of l<„ (l)/V over the 
o Inoromnnte. Thn summation Is made hy mailing off the midpoint values of 
K* (l)A„ for ouch O.OBrr increment, multiplying hy (M)li, itml Humming, Hlrtoo 
the »uiilnI Ih Hut up for tho arrival of only ono tv group nt it limn, thn summation 
turn bn minis hy UHing olthor a or tho nrrlv.nl Umn n* the Independent vnrlnhlo, 

This proooduru Mutually uilliKisa ttni n designator for 11 group of particles of n 
finite pnrttolo nine range In which a may ho oonnidorod tp ho tho dosignntor for 
the average or mod Inn Blue of tho purtloten In that group, 

The iummatlon, K„(1 )A k , up to tho time of loliout nessnlion (O.Oil 
hours), gives s value of 3,816 r/hr nt l hr rather than the Honied value of a,poo 
r/hr nt 1 hr j hence tho iaoond e«timato of K x (l)A n for o vnluoa hetwoon O.flp 
and 1,60 would be 71 percent of the values of K, (i)A„ ihown In Figure 5.U, 

Since thn other calculations neoessary for adjusting tho whole distribution curve 
have not yet been made, nil th* K R (l)A, vnluoa were multiplied by 0,71 to obtnln 
the appropriate vnluoa of 1,(1), The doony oorrpatlon factors wore obtnlnnd, dm 
before, from Figure 113. 

Tho variation of the dose rats with time after detonation, nt the o n 
mile diitanos, Is shown In Figure 0,18, Since in thin ease fallout has stopped 
before H+i, the curve passes through tho a,o00 r/hr at 1 hr paint at 1 hour 
after detonation, Because of the rapid rata of arrival of the larger particles ami 
tho rapid decay rite, thn intensity rises very rapidly to a peak of about 3,400 
, r/hr nt about O,B0 hours, In the cloud fallout oaso, by oontraat, tho peak Intensity 
Is relatively nearer the time of fallout cessation and the rate of build-up Is not 
nearly as rapid, 

The summation of the area under tho I, (t) curve wan made by using 
0,02 hour increments, The sum to 0,6,1 hour is 770 roentgens j tho exposure dose 
Itself, therefore, la 1,030 roentgens, At 1 hour the exposure dose would be 8,800 
roentgens l it 48 hours It would increase to 8,860 roentgens i at 8 weeks tho expo¬ 
sure does would bsU.QOO roentgensi and at about a year* (the Infinity dose) it 
would increase to 13,800 roentgens, ■■ 

The most rapid arrival rate occurs at the beginning of fallout, Tho 
contribution of the airborne activity to the dose rate at this time shquld lie at a 
maximum, It can be eetimatod by use of Kqs, 4.73 and 4.7a, if tho fractionation 
la assumed to cancel between A, is« and' K j <i)A, and If (r,(i) lU.uiuUs sot equa l 
to unity, The average value at dl. Ait (!,o., ter the oorrooted values of K,(1)A,) 
from (i,U0i5 to o,ae4 hours Is about a.ofixio 14 r/hr nt 1 hr per hour, Using 11,0x10“ IB 
r/hr nt l hr per flsslon/sq ft ter K,(i), tho vnluo of dA,/dt la O.aflxlO'^ftMslons/ 
*q ft-hr, At tho mid-time of the time Interval, particles with an tv vnluo of 
O,0an nro nrrivlng, so that., with a in mph wind speed, tho value of A „ of 
Eq, 4.7.1 ter those particles la O.HxiO" flsslons/ou It. 
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Thu inilouliitlona ul’ iJiHlvlucu 1 give A, M, nt 0,.TM hnura iisa.'SKlO"* 
Muv/Huo-riBHlun, IImu nf IhcMn viiIuum In Ki|, -1.7a given 2.0 if/hr at CI.JI74 hours, 
HI iwh this la about Urn maximum airborne contribution to the Ionisation ratu bo - 
cause of tho rapid rate cif tali and of accumulation of particles on tlui groundi 
the oonirtbutiun of Uw airborne activity to the total dose during fallout Ml thin 
location In negligible, 


Location ’ , 

The partlolc-sisse range of the fallout At a given location or locations 
is an Important consideration in the design or fallout shelter ventilation systems 
ns well as in the planning and execution of decontamination operations. For 
purposes of conducting realistic and meaningful experiments In decontamination 
and In shelter design, nltethods for estimating likely particle sines Are necessary 
fpr the preparation and use of fallout simulants. 

The simplified fallout’system scaling functions, together with 
particle fall-rate data, can he used to estimate the particle-sine groups that fall 
at any given downwind location, Further, they oan be used to make estimates of 
the fraction of the activity that la carried by the different sines of particle* that 
fall from both stem and cloud altitudes, This Information could also be us ed 
In the more sophisticated computer programs for estimat'”" fallout depositions 
Under msteorologloal conditions other than those of uniform wind speed and 
direction, 

Qeoauss the fall velocity of a particle of n given alee varies with 
altitude in falling through the atmosphere, the designator,. of ii glvon fall 
vector represent! a group of particles, with a spread In diameters that depends 
on both the thickness of the cloud and the altitude from which the group falls, 

In Figure 5,13 the slaa of spherical particles falling through a standard atmos¬ 
phere from various altitudes is plotted as a function of vector velocity, These 
curves were prepared by D, BJ, Clark from dats provided by A, D, Anderson, 1 
The estimated diameters of the particles falling at ,X - 1,87x10* feet and nt 
X » 0,35x10* feet for the 1-MT yield detonation used In Section 5,4 arc shown 
In TnWn a,a. For v„ * 15 mph, 

V, - Ufa fl/sac, (5,74) 


The height of fall for the particles falling from stem altitudes la 
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(20, 90Dg - 1900) .. 

(o' f o. olo) u ' 


(5,75) 
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Thti spread In pnrllulo diameters lor each n value for nlmid fa limit. 1 m seen lo 
Iwt quite small i lit maximum ulnuil thlekncss the spread in flltvinutmt,' In only .17 
mlornnw. Thn spread should bo somewhat larger at mmiillor til stances and 
somewhat smaller at greater dlstaneos. 

The stem fallout model, as formulated, Hive* no spread In the (Ham 
©tern of the pnrt lulus falling from u (jftvon altitude, At the 1,87x10 s loot distance, 
the over-all spread In pnrtldle diameter* I* about lot) micron* i at the shortor 
distance it Is tun micron*, The accumulated activity distributions (In r/hr at 
1 hr) at the two location* are shown In figure fl,14[ thane were obtained from 
the respective summation* of K c (i)A, (cv) and K„(1)A 0 over n , 

The gross aoUvity-pnrtlole slso distribution for the l-MT yield, 
calculated from the first approximation of K„(1)A ( , for fallout trom cloud altitudes, 
is shown In figure s,io along with the distribution* u*ed in fallout models by 
Anderson" (NRDL distribution) and by IWpp (RAND distribution as given by 
Pugh and Daliano 3 , If the item fallout were included and additional approxima¬ 
tion* of the distribution were made, It 1* likely that the curve for the simplified 
fallout model presented here for the 1-MT yield would have slightly higher per¬ 
centages ofjhe activity on both the small and larger particles. Also, the 
distribution curve would change somewhat with weapon yield, 

The NRDL distribution was obtained from data on sieved fallout 
sample fractions from a low-yield underground shot in Nevada- The amount of 
Activity not accounted for in the fallout pattern consists of the frnoltone In the 
very small particles, Thus, if the NRDL distribution wore readjusted to the 
distribution In the fAllout on ths ground, the high fractions in the small lUes 
would b# reduced. The same would apply to the RAND distribution, Those two 
distributions are generally used In terms of fraction of the weapon aetWity. 
(fissions, d/s, etc'.iibut these units, during computation, are usually set directly 
proportional to roentgens per hour, 

. .. ■ .( ■ 

The RAND distribution was obtained from data on a few fallout sample 
fractions obtained from a high-yield detonation on coral, The ftbnmee of a sig¬ 
nificant amount of large particles In the distribution suggests either a high 
degree of particle breakage during shipment and siting of the more fragile coral- 
-based particles (os discussed in Chapter U) and/or insufficient sampling lor 5 
obtaining <iaw on thn larger particles, Also, even if thn activity-slue measure¬ 
ments were not subject to question because of blow and particle break-up, some 
question occurs regarding the use of nativity distributions on coral particles In 
calmilftHoni for sl|lnat#«type fallout partlolnS. 

The noted dlnerepanotos In the three notlvtly-slso distributions have 
not Iwon satisfactorily resolved The utility of the simplified fallout scaling 
system to predial shifting of the noUvIty-slae distributions with yield has not yet 
















Ilium um( ii 1 |n thn morn rnllnrul mm In la to dntormihn whullu'i' I lie |ir*v(llcli>fl chungc 
would moult In imy nillffgi’inuicm In tho prodlukul fulloul |>iitU<riiH 
Thoao discrepant! los urn of lass impuriunuo whan tha roMuliM of Mm unknilnllonw 
nro usud to astlnuita tho general magnitudes of tho hir/nrd from fallout and tho 
aslant of tha nron affected than whan they lira used to predict fallout effoots ill n 
given loontlon with roapoot to a hypothatlaal hurat point, Kvon In tho morn gcmornl 
use of tho model, however, tha maximum oatlrruited ha surd will still ha sensitive 
to tha ahape of tho «otivlty-aitr,© diatvthutlon curve. 



Tho almplo fallout aaallng ayatem contains tho affoota of Some degree of 
wind ahenr booauao the original fallout patterns from which It was derlvod wore 
formed under real wind conditions in whloh come shear occurred. Tho rolntlvo 
■hoar, or rolntlvo pattern spread, onn be defined «■ (Y # -a)/Y|. This ratio la 
proportional to tho tangont of the angle of the maximum lateral spread of particle 
trajectories failing from all altitudes to the ground. 

Par the 1-KT yield, the relative ahaar of the pattern from the simple fall- 
put-modol eoaling method le Q.494, Since this scaling system was derived with 
uio of the fallout data from tho Jangle "S" Shot whoso yield was 1.2 KT, it is of 
Interest to review the Wind data for that ehot wlth reapeot to the effect of the 
wind shear on tha relative pattern spread, Tho wind data and particle fall 
trajectories are summarised In Table 15.10. 

The lateral distance, Ad, traveled by a particle having a fall velocity, vj, 

In a wind speed of v w , while falling through tho altitude Increment, Ah, la , 

____. Ad ■ v w 4ih/vr ■ _ (B.70) 

In Table 5.10, tho quantity vr Ad la given Mines It ie indepemlent of particle 
also, The lateral dletanoe component, Ay, la Ad am Aw and the "downwind" 
dlstanoe. Ax, (a Ad com Aw, where An la the angle between the wind direction at 
the altitude of the top of the 10-mtnute aloud (19,000 foot) and the wind direction 
at any lower altitude, Tho summation of the component dletanooe (starting at 
ground aero) nssumoe that v< la oonataht from 4,000 to 19,000 feet Tho 
reference direotion of Muir was i elected beonuac it correspond* oiaaeiy to vno 
direction of tho maximum pattern intensity, tho "hot" line, In the fallout area 
from the Jangle "B" shot, 



1KIXD DATA AS® PAHT1CLF FALL THAJF 
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Thu nlTuotlvn, or average, wlml speed Ini 
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whore t, in the time a particle uponde In the I th altitude inurement und v, In the 
wind upend In that Inurement (t, * h/v ( ), For a constant fall velocity, v* la 
equal to S, v, /«, whore n In the number of altitude inoromonta considered, The 
data of Table 0,10 give an,8 knot* (80,6 mph> for for a constant v ( , Thu wind 
shear, a, between the altitude Increments m and n la given by 
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For the assumption of a constant v f , the following values of fl(m,n) aro 
obtained from Table 9,10i v 

8(1),B) ■ 8.14 (knot*/10“ ft) 

8(4,8) * 8,86 (knota/tO* ft) 
s<8,i) - a, bo (itnbts/io* ft) 

8(8,B) ■ 8.B8 (knots/10® ft) t \ ■ 

The notation H(B,8) la for the altitude range 0,000-18,000 foot, etc, 

The valita of wind shssr of Fq, B,78 (for a given particle sine or fall 
velocity) gives the total wind shear rather limn Just the errmswlnd shear that 
spreads out the vertical distribution of particles laterally (from the downwind 
direction of the center of the pattern). Since Table ft,10 shows that the lateral 
ehenr for n given particle else originating from the cloud altitudes (»,()00- 
18,000 feet) Is negligible, the only causa of the rotative pattern spread la the 
relative shear of partloles of different slums as they fall through the lower 
altitudes. 


Thu Inlural spread due to changes In v, with particle alao may bo repre¬ 
sented by the variation of v ( EAy with v f 2 As. Thu dopoidtion of particioH (from 

S3U0 



11 HI CH'nll'l' I i III* III Hill Mini l’IM<. 811,v) Hllll'llllK from HlC lowi'r llUltlull'H Ill'll IH’Hl Hill 
origin (I ii., 10*11111111 Muni), |irntuiiii.lH In u Ittlurnl illrimlliiu up In an ntillmlo of 
H ,1100 l‘i'ii|, Ami, Ml uni) holh uonl'illuiili'rt ili'i' iii'opoi'Uoiliil In Vi , llm vnrlulliin of 
v f (l.o,, iilimtH'i) of particle mI/,o) will result In the deposit of n ennf l ihiiium blind of 
particles In llui lateral direction founded b,y lliu IIiiu (at low values of ax) with n 
slope (inti At)) of approximately siU.ti:i/04,IJ4 or 0,408, Thin ratio Ih vary ne|r 
thn value of (V„ -a)/X„, 0,484, for llui 1-KT yield that In obtained from the scal¬ 
ing fiinutlrinN, ' 

The fitlloui pattern lor tho Castle Bravo Mhot pnlUirn wiih iiIno used to 
ilorlvo tho BPnlinK liinettuns for the wimple fallout-pattern son)lira 1 system, The 
pnrMola fall trajectory component* (In relative units), with respect to tho os- 
tlmatod pattern oontor (or hot) lino for Oasllo Bravo winds, and for a particle 
ut /,0 of about 100 microns, Is shown In Figure fl.KJ, (The effect of thoee wlncle on 
the lateral *proiul of tho derived pattern for the iO-MT yield mhould lie about the 
Name as It was for the OtpHe Bravo shot pattern which was uied to establish the 
scaling system,The lateral ehoar tn the Figure 8,10 plot Is due to changes of 
both wind speed and direction over the range of altitudes containing the cloud 
(at 8-1,0 mlnutos aflcr detonation), 

It la »oon that the maximum Npread in partial® deposition, for nil from 
altltudoN between 08,000 and 00,000 feet (hulghtN of bottom and top of cloud), Is 
equivalent tu a shear angle of about 38*; the tangent of this angle In 0,80, This 
'value of the tangent is raa»onably dose to (Y„ »n)/X B for the t r/hr at 1 hr con- 
tour at tho lo-MT yield, which Is 0,407, 

If, for tho Castle Bravo wind condition*, it is aiiumetl that tho smaller 
pnrttoloN fell from altitudes hi high ns 100,000 foot, and that the rail trajectory 
components (for all thomaller particles) are proportional to those of Figure 
8,10, then the maximum downwind distance at which the particles would have, 
landed for a single wind direction would have been about 8.8 times grantor than 
for the trajectories of Figure 8,10, Under such conditions, the value of X„ for 
the 1 r/hr at 1 hr contour would have boon no more than l,aoo miles for tho 
10-MT yield, 

T’hfi relative pattern spread and "equivalent" uniform wind shear, for the 
simple fallout scaling system patterns for several yields, arc given In Table 
8,1 i, It Is Interesting that the relative pattern spread (lor the 1 r/hr at 1 hr 
contour) is about the same for both the Jangle "B" and the ChsUc Bvava fallout 
patterns, but the shear mechanism by which tho spread occur,rod is very dif¬ 
ferent.' of the two shots, the manner In whloh theshonr occurred in thu Bravo 
shot Is more lllto the assumed uniform lateral shear used by Pugh and Gullano 
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In IMr niiiiiimliillniiM. TIiiih, I'm' 1 ln> liiriinr vlnldn, llin Inclmloil Inluriil Hlii'iir Inr 
llin H llupin I'nllniit HunlliiK Hyulmn mm lie rt*liitml rniinlilv In n uniform wind ulimii' 
tiu’niimli llin I'lniiil nf II,a mid II,II Imnln pel 1 100(1 1'nel vvlinn llin MVi'l'MK" wlml upi'ml 
Ih llliniil If) mpli, 
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MoIIioiIm of eomptilliiK I'nllniil piiUoniH mm I to onmpnrnd, In n h'I'iihh wiiy, liy 
(!) (ho rolidlvo fircio 11ml Ih nwdnHod wllliln Riven Hlmnlnrd IntniiHlly oniilmii'H, 
unit (il) (lie illCformuioM In Hit' enlmiliilnil vm'lntlon with dowiiwlnd lIIhUjiuio of Hie 
Hlimilnrd IiiIoiihIIv iiIoiir llin mmlcr lino nf 1.1m fnlloiil pnllorn. Aiwillior wnv of 
liiroHH onnipnrlHon InvnlvoH rllfformiooH In llin nnnlntir hIiii|ioh. 


aim 






A (Miitjiini’lmiii him boon inmlc h,v r nml II 0 ITI 11 ' nl neveral Inllmil 
models ennsl'IcrlHg wltirl olloelw. Tim rollout models compared were Ihnw*> 
developed liy 

1. mift'li;and (lallano 11 (WhEU-HM H))\ 

2, ii revised lull as yet unpublished version or tlm l'uwh-fVVilIn no mi idol 
bused on recommended changes by the National Academy of Science 
Working Ui'oup on T'ullmil Model* In Jttfll (WIWl-NAH)i 

il, n model developed by the weather bureau (WR)i 

4, n model developed by the Air Force Intelligence Center (AFCTN)i and 

ij, a model developed by the RAND Corporation (RANT)), « 

Comparing of fallout pattern computation* by mean* of the areas enclosed 
within a glviin standard Intensity oontourla it fairly good method heoaime the 
enclosed ureas are not vnry sohslblvo to wind speed or wind shear, Because of 
this, It Is passible also to compare the fallout pattern a oaluulnled lor a TO-MT 
yield atirl'aoe detonation avid 15 mph wind speed Imaecl on the model given In 
ENW' H , the WBEa-UM 10 model, the model developed by Anderson", and the simple 
fallout scaling system described here. . - . 

The wind shear for the ENW model la unspecified! Pwr the WSECI-TtM'to 
model It la taken at 0,1 knots/1*000 ft) for the Anderson model the wind shear in 
neroi and for the aimplo fallout scaling eyatom it in about o,n knots/'1,000 ft, 

The oomparlaons presented by T'erber and Tloffter" are for a 1-MT yield surface 
detonation, a BR mph wind speed, and a vertical wind shear of O.a knots/100 ft, 

The areas Within stated contours, for the two sols or onloulatlons, are given In 
Table 5,1J| (ilie area ratios are relative to the WBIilCl-HMIO model since It Is 
common to both sets, 

-—Another factor of difference between the two sets of- calculations which 
could have a small offeol on the value of the ratios, Is that the areas coleulnteil 
by t'erber and Hoff ter are, presumably, for the lonlwatlon rate nl It Pool above 
an Idnaijikne <fi«eepi pcrhapi for the AFC1N model), The caltmlnlIons 'pre¬ 
sented here are for the nhsrrvsel I on I nation rate nl H feet above n plane Including 
a terrain attenuation factor of 0,75 and an Instrument response factor of 0,75 
for the WREfl-RM 10 model unci the simple fallout sealing system, II Is noi clear, 
from The rereroneod sources, what the value of those factors are lor the I.NW 
and Anderson models, 
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Since mam of th* im within the Ptaieri conttvri Ip aapoelaled with Iho 
downwind dlpfamoe, the ratio value* In cxwm «f unity for the lower-valued 
onm-nur* and th e value* Mum deomae to le*a than unity W Mm hlfhri =vnSm<i4 
pftfifmirs mrreppnnd to 0 higher fawtlon of Mm total activity m amaller pur- 
Hole! thH.n the value* u*ed In.Mie WAFn-HMIO model, This type of trend In Ihe 
rati 01 Ip exhibited wit»«i dearly by the F,KW unit Wit model r ami, to a Icpaor 
extent, bjr the ww«1»NAh nod Amiwnmir thwtela. --SlM-wvwppe , rcpresenta' 
ttve erf pw aeilvlty-fttfiiwle «|*e dlatrtlsftiOn having -a higher fraction of the total - 
activity on the larger particle* than la uaod In ttw WHFO-RMIO model, la ex- 
hllftted hy both the AFC'IN model and the pimple fallout penllng ay atom, 











The Melon I vaHipm of lln< iiren rnllon nn* i'oIiiIimI, of enurne, In tin* nummied 
vnlun of Hip ylnld-dlHtrlliutlnn contour nil In; IIiIh Im given mm Wfl) or KTr)f'(l) In 
r/hr ill I hr pur KT/ml* In C'hiipfnrH 8 Mini II. For Hip 10 MT ylnlrl pnllernn, Hip 
viiIiipm of (I) nr« computed, from pnllern iidegriillonn, In hn (In r/hr Ml 
| hr pnr KT/ml*)i 


1.1(1(1 lor Ihn I'lNW mot Ini; 

1,500 lor thn WHKCl-HMIf) model (cor reeled l»y o.'tfl): 
1.550 for Ihn Andortion model: find 
I,lift) for thn nlmpln fulloul finnllng Hynlnm. 


For Ihn other pntlnrmi. nnenrdliifpInF&r I mr mid llnfftor, 1 Ihn vnluen of 
KiTt urn: i! 


U.500 for (hn WBRCJ-HM10 niodoli 
41,100 for Iho WHKQ-NAS model; 
About 8,000 for tho WH modnli nnd 
500 for Ihn AFC IN niodol. 


Tho low 'Chluo of VJ[\ for ihn AFC IN mode! miggtodn thnl It nppllnn In im 
observed lonifiHtion rain nnd Hint It Inoludon lorrnin nttemintlon nnd Inntrumem 
response factors. 'Fhn hlghor voiuOA of R7T) for Urn other models apparently fire 
for fnlloul dopoAlft'd on nn IiIpmI Bmooth plnnn. If thin l» trim, thn rimipnriililn 
vnluo of R7T) for the AFC IN motlol, on Ihn Idnitl plnim, would Im nimut 1180 
r/hr nt 1 hour, Tho vnlue of RT7T>C < L) for the simple fill lout model pnttern, fur 
thn Idnnl smooth plane source mwl n 10-MT yield, would Im nlwut 3550 r/hr id 
I hour pnr KT/ml* nt 5 feel, 

The variation or thn calculated Infinite Ideal plnne slnndnrd Intensity with 
downwind [di stance along the center line of the fnlloul pnttnrn, for Apvorni or Hip 
fnlloul model*, I* plolind In Figure 5,17, for ii lo-MT ylnlil surfac'd detonation 
Assuming n 35 mph wlndnpned unit 100 percent fission yield. The nlmpln Inlloul 
nun!i rip nyntom nnd the RAND mndnl lire tlm only Iwo mnthndn Hint predict Ihn 
observed downwind mnjor pnnh, 

A portion of the higher ruin of dnernnsn In thn slumlord Inlmintl fern willi 
downwind dlstmum, for thn nlmpln fnlloul scnllng system, mny Im dun lo thn 
higher degree ofverUenl shear. But most of the higher sinmiiml inmnnitlnH in 
Ihn first 500 ml Inn downwind, nml thn high rnflo of (Ippi'piiap willi illHtnnnn, in 
dun to thn higher frncttnn of Ihn Inin I nctlvlty Implied nw lining nsnnefnlnd with 
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thu liii'M'iii' pnrUuli'H. Thu curve for tho AFOIN model Implies mi even Mhiii'imv 
dnni’uiiHo In ihu f ruction id' activity with dan run sing pnrtlulc sine, 

Tho ourvo for thu WH model Implies an actlvlty-partlclc slue dlstrlbutUm 
In which thu Inrgont fractions of thu nativity urn cm tha small particles, Tho 
development of fallout moduli for tower and balloon detonations* quite likely had 
an Influence on tha development of the WH surfacs-burst fallout model, The 
WBEG-NA8 model ourvo also Implies u larger fraction of the activity an the 
smaller particles, 

since the simple fallout scaling system Is adjusted to thu Castle Bravo 
fallout pattern, for which the yield and wind conditions were not very different 
from the conditions used In the calculations for the curves of Figure 5,17, it 
appears that the AFCIN model dues not aoaount for enough of the total activity, 
and that the WB and WSEG-NAB models give too much weight to the activity 
carried by the smaller particles, If factors for the type of soil at the point of 
detonation arc taken into Recount, these factors could be responsible for 
so mo of the indicated differences, However, nom» of the models explicitly 
aonslder sail typni therefore, no explanation of the difference on this basis Is 
possible, 

Further work on the fallout distribution models and their connection with 
the fallout-formation process la discussed In Chapter 6, A thorough study of 
the early-tlme condensation and other dynamic processes that take place during 
the rise of the fireball Is required before significant progress Is possible In the 
development of Improved fallout models, It Is dear that, when differences of a 
factor of 10 to flO occur In the calculated standard Intensities, one or more of 
the models has bean poorly calibrated to the available observed fallout data. 
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Chapter (l 

IONIZATION II AT PI CONTOUR RATIOS AND OOMI'OHITION OF FAIil-OUT 


8.1 Definition and Uso of lonlrititlniLllHtfi Contour Hutto* 

Theae oontour ratio* nro dpflnml u* I,ho ratio of the rsui'fnoti density of 
noma property of fallout to tho (bnlRtttiun rale alii foot abovo an oxtondiul opon 
area covered with fallout The throe fallout : proportion of moat Internal in 
radiological oountermottauren aret 

I, The maaa of fnllout per unit nroa, 

fl, The number of atoma or molts* of fission products per unit 
urea, and 

II, Tho fraction of tho weapon yield dnpoatted per unlf atm. 

At a given location In the fallout area, the oontour ration for then© 
qunntilloa are doHnedljy 

M,It) • pft . III! 


ffe 

and '■ ' . ■ 


, PD r (t> fgj (fl.il) 

whom M r (t) la tho maaa oontour ratio, in, la mnaa of fallout por unit nroa nt 
the toontion, FP r (t) la the flaaion product or notlvity contour rntlo, ni p in the 
number of atoma or melon of flaaion prorlucta per unit a ran. Fl) r (I,) la tho 
fraction of device contour rntlo, FD la the fmotion^of duvid© par. .unit nrnu, nm.l 
I, (t) la tho observed lonlwUlon rate 




Knnwlndgn »f thu vuluus of I huso (•nnlrmr rallns inukus possible 
(iHtlmuluH nf ihtt amount nf fullutii pal'tlolos, fission products, nr oilier emu 
pnnnnts nf tho wnnpnn Urn-1 urn present, Riven the level nf (ho Iniil/mllon ruin, 
Thane nsl I nifties art* nuoussary In the design nf raullstlc experiments uhIhr 
synthesized fallout materials, In Him operational use nf rudlologlenl ntnmlnr 
measuron, ami In gunaral avaluatlnna nf radlologloal hazards from fullnul, 

The reverse procedure In equally useful! Umiwledgo of the ohomlval nr 
physical behavior of particle* nr of the flnnloh- prncliiat olutmmts us a fupbllon 
nf tholr Rtirfana density nan, through th* contour ratios, ha ansopinind with tho 
lnvol of the radiation hazard, For example, dnonnlamlnation dnta based on tho 
mann nf partiola* nun ha readily convert ori Into reduction In radiation hfimwl 
by means of the oontour ratio, Una of the contour ration and tholr sealing 
funotlonii allowa extrapolation of a modoat amount of experimental data to 
Innumerable operational union heeauno the onntour ratios are not constants! 
they are point funotlonn whoas value depends on many variable!, Thun a single 
value of m*, for example, may be annoolatad with many values of I, ft), 

Tha final use of the oontour ratios In to permit estimates of m H , n (|1 , and 
FD to be made, for use In radiological countermeasure operation*, from 
obsorvatlonn of L (i). In such ontlmates, additional Information I * roqulml, 
along with the value of I M (t), bamre a reliable estimate of the quantity of Interns! 
can be made, This particular use of the oontour ratio 1 may be the only mol hod 
available for asUmating one of the doelrod quantities when fallout nreas are 
monitored with portable survey Inntrumonte. Tho additional Information nuodud 

for those estimates in dleeuaaad in the following paragraph"' 



«•»-> Bamlim m WjMgii.XyR» 


Hocbusq tho mann oontour ratio In Invornoly proportional to the 
spoolflo activity of fallout, Its valuw nr range of values must depend mi tho 
amount of rmlloaotlvo main rials produced In the dntnimtlnii, Tho fission prndUol 
yield Is proportional to T1W whore 1» Is thu railo of fission to total ylnldi lumen, 
for tho usual amount of Iniluoori activities, thu total a rim-activity from Kij. '1,71, 
is • ' .. ' v ' f . — 

l»(t)Aron H.dfixin 10 [r,(I) + tl.niojnw r/hr «l I lu^sq ft «M) 

whoru i; (1) Is thu gross Ionization rate fraotlnnallon number at H+l nnd'O.fMli 
In tho ratio of thu Ionization rale from a nominal ylohl nf induced activities in 
that nf tho fission products (both at H+l), The muHIpiUir, 5,40x10"' rdir til 


1 hi 1 per KT/WI fi, fiiiilnttiB an liiHirumeut i , oh|iiiiih«< anil u ti'miln rniiglincsw 
nllciiiiiillnii fndor. Thu vultm nf r, (I) will vnry with downwind distance, nr 
.particle alee, iih well hh with Umi' nfler dclenntlon. Thu value of ihc rutin, 
O.OIU, fur the Induced iwlIvlUi'H will iU<|H<nil cm (ho oonal ruction iniitorlnla of 
Hit' wonpon, the environmental elements nl the point of detonation, and, to 
Homo degree, on the helishl. of hurst mid on the values of TV For example, If 
B In very small (Iho definition of the ao-pal led "clean"'homh), then tho relative 
Induced ivntlvlty yield could ho muoli higher Mum In Indicated hy the 0,010 of 
Hip, 0,4, Except for tho poNNlhle dependence of r K (1) and Induced nctivHy ratio 
on yield, the total area activity of Kq, o,4 in riirootly proportional to W, 


If IUn ftNNumad that the total ornler mass hponme* uniformly mixed 
with the radioactive material In. the falloul formation, then the expected 
maximum vilue of (1) ihould bo given by (l)xAren) which (from Fqi. 

a.lflft and 0,4) In 


mTuu* - _ «.B) 

[ft r, (1) + 0, 01.9] v/hr at I hr 

If, on the other hand, it J« asmumod that only the noil that te melted 
at 14rtirc, aa in the case of the Ideal surface hurst, baaomes uniformly mixed 
with the radioactive elementi, then only the meaa equivalent of the n(f) mnlss 
of liquid soil would he non aid* red, Tha yield dependence of this quantity, from 
Table 8,10, can lie repreiented by 


n(l) * l.'lixlO 1 ' **■«" mg anil (tt.fl) 

On the average, the male represented by n(f) should result in an expected 
minimum value of M, (1), whloh is 


M, HU 


_ t, mg/»q ft 

n |r,(l) + 0. 0l|T r/hr at 1 hr 


(fl.t) 


' ' " - ■ - ' / ■" " .... ' - 

The two limiting values of M r (l) indicate that (1) the dependence on 
1M total yield should lie rather small, (12) the values are Inversely proportional 
hi iho fraction of fission yield of the detonation, and (H) the real values are 
moat likely to Ins in the rsnge 1 to 100 (mg/»q ft)/(r/hr at 1 hr) for ft-!,. With 
reaped to the fraction of fission yield, ft, the type of weapon 1* apparently a 
more important parameter in determining the value of M r (1) than ia the yield 
Itself, Bccnusc hoth melted and unmeltcd particles are found In fallout, more 
soil fa Involved In the ralloui formation process than la indicated hy n(f), hut the 
Amount Involved should certainly he leas than that removed from the whole 
(apparent) crater -- even for the larger yield where essentially no order lip 
remains, 


a (ia 



Art-wulI.V, Hu 1 viiIiii'h nl M p (I) allow n tendency In decmiNc with 
vlrlil Unit In urnvi' nr Ichh proporlInmil In (hr ii|i|inri>nl eniler iiiiihh. Tliercliiir, 
tlm rriiti'i’ mu hm |n*i’ KT uNMoeliilcil with lii.llmif I'nrmntlim, m.(n ,\V), In iihmiiiiumI 
tu Imvr l-hr I’nrm 


m(n ,W). - ltn)W 4, ' nH1 Mm/K , l (II.H) 

where lln) In Ihr tunas |mr (illnlim nl yield rnr each pnrtlnln group to I in : 
evaluated from available measurements «f M r (1) = With thu n««umnii dcpiiuilonne 
nl' m(n ,W) an yield, the mint Ive abundance of melted particles InemiNos with 
yield, Ninon n(f) InrronNes with ylrlil, ntwl the average value nl M r (V) tleercnseH 
with ylrlil. 


Thu variation of M r < J) with down wind distance from shot point Is 
bos| considered IOeTmlLof the particle group line parameter, c, To represent 
thin dependence r, (1) In rtudeslgnatod r n <1) for evaluation ns a function of hoth 
rr ftnrl the yield, Appropriate values of r„(l) along with observed values of 
M r (l) po thon hied lo «v*l«aio f(o), i, 

In estimating r n ~(l), the assumption is marie that an nliundnmw of 
solid surface (ns particles) In present In tho rising fireball and oloud nt nil 
time* to facilitate the condensation of the gaseous’ radioactive species, With 
thin condition, the amounts of each elnmont condensed during the second period 
of condensation limy be estimated by the method outlined In Chapter a, In the 
simple proms* where all the particles are present at the end of the first period 
of nrnidensatlrm, differences in the radioactive compose Iwr on tho various 
pi riled el at ajalor lime pan occur only Jf Nome of the pgrlleles are removed 
rrorn the volume before further condensation occurs, Tlw parlMes that remain 
In the volume tho longest time, providing a largo number are always present, 
will then condense more oftho volatile radioactive elements, In ibe fallout 
format ion process, whom tho larger particles are falling out or leaving the 
gas volume at earlier timet,-the fraction of total available activity that is 
condensed on panicles of various slr.es should inorenso-wlth decreasing 
pari trie sire, Hence thr fraction of the total nativity condensed up to a given 
nine after deionatton should lie described by an accumulative dialrtladlon 
curve that Increases to a slated amount for a given panicle slae, or ,, value 
for a group of particles, Such n representation cannot consider discrete values 
oftho fraction condensed for a given particle nine Iwl may he given jnjerius 
of an average value for each ol the panicle group*. 





In 1,hi' mil process, unmcltcd mul welled particles liocmnc mixed 
during llu« second period of condemnation. Mince (he unmollotl particles linvi> 
entered tho flroUtll after It lias pooled Mow (ludr moll Him point, they can only 
condense radioactive mnlorlal* nol provtnnnly oomlennod, However, Hlnee 
these unmullwl pnrtleles full in the same areas ns (ho molted particles of I lie 
same full vector, (he over-all radlonollvu composition of Urn group should not 
Iw changed, The main of loot of the presence of the unlimited pnrlUdos in 
nomlensing some of the remaining volatile radioactive material* la to reduce 
the specific ncdlvlty of the wholtygroup of smaller particles, 

The fraction that each nuclide of a mass chain condensed In the 
second period of oondonsallon, r 0 (A>, is osUmated from 


r'<A) s h 'N|(A,t)hVO + k.f) _ V Nf (A, tip* /yf*(l*V (6 _ q) 

— -JljNjlAit) 0, ilRTUW SJ ) N / i (A,tO 

In which the first term contains the parameter values for the first period of 
condensation (sec Kq, M0)t V la |he fireball or cloud volume nl f'l 0.2ft Is the 
number of fission-moles per atom-KTt yf(V) Is the number of atoms per 
fission of element ,1 that are present at t'i p*, Is the sublimation pressure of 
element ,1| and N|* (Arf/) Is the number of atoms of each element of mesa ohnin 
A per 10* fissions nol condensed In the first period of condensation, doony- 
eorreofed to 1/, 

III other words, p*V/IIT Is the number of moles of element j In the 
vnpor phase nnd 0,311 UWyf(l/j is the lata! numlier of moles of the element 
produced nnd In existence nt t', The first term gives the fraction nol oondonacd 
la the liquid particles during their existence, and the second term gives the 
frsellen In the vapor state, the difference lining the fraction co nde nsed to the 
solid stale on or in the solid particles by the SUbllniiUlon prouoss, 

In making the computations for r,(A); the yields of 84-KT nnd 
14-MT ware selected since the r,(A) values were already available (see 
Table (l.ftlK Tho times of the beginning of tho second period of condensation 
are 0 seuonds nnd (III seconds, respectively, The inter limes selected are 3,'lH 
■ucofttls »md 4M seconds for (he ai-KT yield, nnd 174 seconds awl 40(1 seconds 
for (he H-MT yield. The mtdHlmc points were derived In provlouiiiiinnntes 
of the lime when the top of (he cloud is n ear h -l> for lhe respective yields the 
longer time for when the cloud Is near full expansion, These relatively late 
times were selected (o simplify the computat ions or r„ ( A )j In both onses, the 
temperatures nt lhe Indlenled times should Ih> less than HOG In ;if>0*K, nl which 
time (he second term of Kq. (l.G Isi essentially s.ofo lor most fission product 
elements, 


ana 



I Inwi'Vi' r, I lie re urn two penernl ciihoh where I lie vapor pressures 
urn mill wlHilll'lfiint with respect to i'„(A) values nt these lempcrillurcs. Tho 
rii’Kl. Is tor ||u> riii’ii kiih nlomonlM which nrc nnrrnn 1 pirncs id these Icmpem- 
turns, Mini the second In I'm' (ilomeiilH In very low iilitinilnnoc luivln^ nil phi. vil|ini< 
pi’CHNui'iiB lit normal tempo ruturoN, I''m' Imth yields, V/tl.UIIUThW III I) In 
iibonl. iijito 11 fit tho second altitude point i thtm p"/yj(t ) vithifw limn them iilmut 
10" u make tho to cm noKlIplldo with respect to unity. Tho only elements 
IndlonUnp relative pressures larpor llinii thin, except tho rnro puses, moo the 
oxlflon or Ho mill Am for these pj/y/U') viiUiob of 1 ft" 11 to lO'" nro obtnlhud, 
indioutinp (Kill they would bo entirely in ihu vapor ntiitw (mlnee r„ (A) onnnot 
hiivo values loss than sow), With those except kffl«, Kf|. fi.fl, for tho temporn- 
lure conditions of tho oonipuintions reduces to 

l'n(A) * 1 - l'n(A) • (11,10) 

for tho rnro panes, r„ (A) lx tnlicn to lie morn, Although some 
fraction of thoio (times would surely I* nlmorltod on the mirluces of the 
particles, In this onse, It Is assumed Ihnt lho fraction would be small nnd 
that tho mrc hub tiloms formed from proem morn previously condensed on tho 
surfacin' of, tho particle would ovaporatu (those formed Inside the pn i’ll ale are 
assumed to romnin In the particle), Tho r„(A) values oaloulotml for tho Indlcmlcd 
times nnd denerlbod oondillons-are summarlited In Table fi.l, 

Tho Independent nuclide yield data for tho caluulaUous worn read 
from plots of the atom-yields for each mialldc oalculatcd by Hollos niuLWallou 1 
based on the (Uendenln postulate, and n set of oaloulaUons for both I'-tinn fission 
(thermal-net,itroiiS) and fission (»-Mov neutrons) was made, for U-3H8 

fission, the ealouHUIons wore carried but as described in Chapter 8, for H-8HI5 
fission, the nuelldo fruetlorintlon numlwi'H wore multiplied by the nlr lorilv.ntion 
rales per final on/sq ft nt 3 fool nliovo a uniformly contain Innfeil piano, an 
tubulnlwljjy Millin' and l< 0 (dJ* nt 4M m inutes nnd 1,13 hour ..utter -fission,-and— 
than summotl, Tho sums olHrtlnotl by use or tho i^<a) fractionation numbers 
were then ntldwl ttt onch of the sums for the Inter times obtained by the respec¬ 
tive r#(A) sots, Those were then used to evaluate (ho constants of 

. * i B lit"' (d,.}i) 

were l„ Is the nlr lonlsalInn rale at IM, l IS the IImo In hntirsr mid iris n eon* 
sfnnt nprdlenble from <10minutes ter i,1sf hour, The results of the eninpuiniions 
are shown in Table n,g nlonp with tho rrnotinn of the ionisation rate anndensod 
up to the Indleniod times defined by the rntlo, l„ (condensed mixture) /l„ 

(normal mixture), for r ft (1), 


non 
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HUMMAHYdl'’ KIHHIllN IMKlDUDT NIICUDU i"f, (A) VAI.UI 1 > 
roll HI-KT AND N-MT YII':i.l)HUm i ’A(!l'! IIMTHNATIONH 


Nm.il Ido 

|—-v*t n 

n- 

■MT 

SIIIHh 

4 Odd 

I74h 


Qu-TIJ 

. O.IIRH 

0.0I5H 

(MKII5 


Ouj-77 

o.uan 

o,:iau 

O.HI54 


O0-7H 

0.157(1 

0,(570 

o.nan 


Ad-77 

0.1(115 

(i.i no 

0.11(41) 


AS-7H 

o, non 

0.1540 

0. NIK) 


Ab-70_ 

0.001114 

0 

0.000110 


Bo,-81 

0 

•0 

0 


Bo |-H1 

\ 0 

o ; 

0 


Bo, -Hit 

" 0 ■ 

0 

0 . 










Tiiiiln o, i <iu;ii(lmtnch 


Nunlliln 

fi'l-KT 

14-MI' 

aiiHu 

400* 

1748 

Mm 

X.r** 1 )n 

0,011 

0,011 

0 

0 


U ,011 

•Ml H 

0 

0 

.. Ni)s-nn 

O.Ull 

0,011 

0 

(1 

Mo-Ill) 

0.04 a 

0.048 

0,280 

<1,28(1 

Mo-Mil 

0.181) 

0,481) 

11,070 

(1,070 

Mo-102 

11.(101 : 

0,001 

6,005 

.0,000 

To -III) 

0.048 

0.048 

6,81)0 

.0,280 

To-lUt 

0,487 

0.4B7 

o.ono 

<1,000 

To-* 102 

0.030 

0,035 

0, 020 

11.020 

Hu- IUI1 

0,047 

0,047 

0,404 

0,404 

till- HI 0 

0.473 

0,470 

0.800 

0,800 

11U-IU0 

0,000 

0,530 

0,078 

0,073 

lUi-Kill 

0,047 

0,047 

(1,404 

i(l,404 

Hhl-lOB 

0.473 

0,470 

0.880 

0,880 

Hh-100 

0,330 

0,000 

0,078 

0,0711 

Mil-111? y 

,0.037 

0,007 

% 

0,838 

0,88!) 

1 HI-100 

0,001 

- 0.001 

0.001 

o.om 

rni-i i i 

0,101) 

0,100 

0.002 

0,002 

mi- 11» 

0,087 

0,087 

— 1) - - 

0 •' 

Afl-1 HU 

_0.301^- - 

o.oni 

0,001 

o.ooi 

A«-Hi 

0,100 

0,100 

0,(104 

0,01)4 

Afi- III 

0,08(1 

0,080 

U 

- )( 

Aii-i in 

O.OilB 

0.082 

0,080 

0,1)80 

Ar-UO 

o.o no 

0,080 

0.074 

(1,071 

C(I,=1I0 

0,087 

0.087 

0,000 

o.oiin 

cti,-nn 

0,01)7 

0,087 

0,005 

0,(108 

cii-n? 

0,13!) 

0.158 

0,082 

0,082 

Cc|»U9 

0,237 

0,257 

(1,747 

0,747 

t'-d-iaii 

0,00(1 

(1,000 

0,010 

0,010 


I! OH. 






Th!«1ii fl. I (oimllllHPil) 



H-I-KT 

14-MT 


UOHn 

40(In 

174 h 

|0«N 

In r ll3 

0,033 

0,01)0 

0,074 

0.074 

III-117 

0.133 

0,133 

0.3111 

0,331 

in-us 

0.357 

0.837 

0.747 

0.747 

In- no 

0. UHO 

0,380 

0,715 

0,713 

:in-iao 

0,048 

0,048 

0,83(1 

0.830 

fln-iai 

o.otn 

0,010 

0,188 

0.188 

f an-iaa 

0.377 

0,377 

0,011 

0.0)1 

' an-ias 

o. iai 

0.131 

ft. 004 

0,004 

8n-lB(1 

0.041 

0.041 

0,004 

0,004 

Sn-18? 

0,007 

0,007 j! 

0,004 

0,004 . 

Bb-iaB 

0.131 

.. " i 

0.131 

’ 0.004 

0,004 

sb-iao 

0.035 

0.033 

0.080 

“0.080 

8b-187 

0,030 

0,030 

0.030 

0,030 

Sb-ISR 

0,430 

0,430 

0,007 

0.007 

Hb-tan 

0,704 

0,704 

0.088 

0.088 

811-IIU 

0,1)10 

0.013 

0,083 

0.083 

To 1-183 

To 1-187 

0,131 

0.101 

0.004 / 

0,004 

0,030 

0.030 

0,030 * 

0.030 

To r 127 

0,030 

0.030 

0.050 / 

0,030 

To,-180 

0,704 

0.704 

o, nna / 

0.088 

To IT 13!) 

0,708 

0.708 

0,088 

(1,088 

Toriai 

0.0)0 

0.011) 

0,084 

— 0,1)84 

Tog-rai 

0,035 

0.083 

0.084 

0,064 

Tokina 

0,004 

0.004 

0,088 

0,088 

. To,-133 

0,087 

(1.087 

(1.08(1 

~ 0,080 

Tor 133 

0,0811 

0,080 

0,088 

0,088 

To- UM 

o.oiiii 

o.ooa 

0,0011 

0,0011 

MO) 

0.083 

0.083 

. 

0,1)84 

0,1)84 

MW 

0,003 

11,003 

0.088 

(1, l)8H 

I- 131! 

0,080 

0,080 

0(1181) 

0.1IMII 

1-134 

0,001 

0.001 

0,003 

0,01)3 

I-103 

0.000 

o, ooo 

0, OHO 

0,080 








Table (1,1 (mmolrnltnl) 


Nui'llilft 

84-KT 

14- 

MT 

anas 

403b 

174b 

40«b 

Xt» ( «i31 

0 

0 

0 

0 

xo,-iaa 

0 

0 

0 

0 

Xog-iaft 

0 

0 

U 

0 

Xn,-1!!5 

0 

0 

0 

0 

xo B -iao 

0 

0 

0 

0 

xe-ias 

0 

0 

0 

0 

Ob-137 

0,470 

0.077 

0,300 

0,078 

Ob-138 

0,207 

o.ans 

0.0103 

0,283 

Ob-100 

0,088 

0,088 

0,083 

0,080 

Btt-137 

0,470 

0,077 

0,300 

0,378 

Btt-100 

0,008 

0,008 

0,008 

0,008 

Bft-140 

0,803 

0,803 

0, bQO 

0,338 

Br-141 

0,484 

0,484 

0,000 

0,000 

Ba-142 

0, 144 

0,144 

0 " 

0 

Lb-140 

0,808 

0.803 

0,83(3 

0,338 

La-141 

0,418 

0,418 

0,000 

0,000 

La-142 

0,130 

0,100 

0 

' 0 

La-14 3 

0,018 

0.010 

0 

— 0 . 

Go-141 

0.418 

0,418 

0.000 

,0,000 

Oo-t47 

0,014 

0,014 

II 

1) 

Pr-148 

0,014 

0,014 

0 

0 


Kor nil NuoUflos not I luted t t ! s(A) - 0, r„(A) - 1.0 






Tulilo ll.a 


NQUAT10N CONSTANTS Will Am IONIZATION HATMH FROM 11.711 TO 1.115 HOUHH A FT Nil 
FISSION AND FRACTION OF Till? TOTAIi IONIZATION llATK AT IIH FROM FISSION 
PlUintlOTR CONDMNSWn ON PARTIGMiS AT CJIVMN TIMMS AFT Nil OWTONATION 
OF AN R4-KT AND A 14 -MT YI1slI.il') liANIl SI III FAC I? IHT11HT 



Two rather significant conclusion* about the mllonatlve oomponltlona 
of fallout tiro Indicated by the raeulta of the computation* (providing the nssump- 
Ilona qaort In netting up the calculation wore not Inappropriate), The first oon- 
olualon la that no large effect of yield In Indicated, either for the groan fraotlon 
of-ths ionisation rate (or of the number of fission product atoms) uondonaod In 
the liquid particle a or for the total frnollon cmmlenaotl at a given Inter time, The 
aooond ennclualnn la that In local fallout the groan fraotlon of the lonlr.allon rate 
at l hour hna a maximum value of almut 0,R, alnuo moat of the pnrtlolon falling 
In the local raglona will have left the gan cloud by 40fl aoaomla (O.n mlnutoa), 

Tho valuoa of n vary from about l,l to 1.4 1 however, thoao a value a apply only 
to the abort time Interval, 0,70 to M2 lunim, without consideration of Induced 
aotlvltloa, The dlfforonooa In tho values In Table (1,2 Isetweon tho Iwo fissile 
mid Idea nro rnthor amatl, 


nil ‘ 








Tim no Undated Ionisation i'iiIom lor 1.1m (i WIH I'IhhIimi (H Mov 
neutrons) ni’n summarised In Table il.ll, mill those for llio M-MT yield nr«' 
plotted ii h it lunolinn of limn alter rlntotmilnu In Figure (I.I, Tim values Inr llio 
I) second (B'l-KT) mill (10 Noenml (14-MT) uondniisnUons Unit, worn given In 
Chnptai’ U nro Inuludod fop comparison, II nmy lin nolnd Unit Uin mid-times 
Holoulml (HOB nml 17'I seconds) are not piii’tUmlrti’ly good Hindoos for obtaining 
dlfforonaas In tho decay curves a* ii function of omidtwwatUin IIlimn, However, 
thn rllfforonqj)* shown between tho mid-times and 40(1 seconds nrcs mnlnly dun 
to tlui not pin In condensed rare gnu .daughter products on tho pnrtlule surfaces 
for thn indicated Umo Interval i this pin In rather small for both yields, 

Tho fractionation numbers relative tn thn Ionisation rnto from tlw 
noi-mnl fission-product mixture From thermnl neutron fission of U-SII1R nrn 
given In Tublo 0,4 for tho condensations at thn otul of thn first period of 
condensation nnri nt 40(1 seconds. The fraollonntion numbers in tho table are 
not the ones applicable to r fl (t) booauso they Include differences due to fission 
yields, The values of the fractionation numbers, however, do show thnt tho 
fractionation number ean vary by a Inator or two or more during tho second 
porlotl of condensation (I,a,, as a function of particle also) and oan nlso vary 
With time lifter dotonatlon, depending an tho relative abundances of tho 
condensed radionuclides, 

In nil casus, the computations of tho particle si?,os, or tho n values, 
from tho simple fallout scaling system based on the particle group fall tlmos, 
when compared with fractionation data of different part loin groups or fallout 
from test devices of various yields, Indicated that a time delay of oonsldernblo 
length must be taken into account before the computed rAX) values agree with , 
the observed values, This time delay may lie associated with the air circulation, 
presumably toroidal, In and about tho rising cloud, 

In this type of circulation (ns discussed In Chapter 0), tho particles 
entering the bottom of the cloud (or those within tho volume whon the circulation 
begins) apparently oondnnsc out gnsoous rndlonotlva elements and small 
previously condensed particles as they sweep through the gas volume, Tho 
larger particles circulate to the edge of the cloud, arc accelerated downward 
and then continue to fail when tho pull of gravity exceeds the upward force of 
tho air circulating bnek Into the bottom center of tho flrnbnll, In a circulation of 
this gonornl typo, the condensations that occurred at n given lima In the ao'nirul 
region of the circulation would bo In evldentse on purllolos whose apparent exit 
time, based on freu fall from the bottom of thu cloud, Is much later, 

From the few data or Chapter 2 and tho towor shot data of llul'erunuo 
It, tho host ngruomont hotwoon tho calculntod ami obsorvod r n (l) vnluos and 
tho obaorvocl lime of nrrlvnl of n given particle slue group Is olstnlnod by using 
a delay-time ol nlxiut IHO seecmds luge liter with llio apparent rule of rise sealing 
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I'HAHTK(NATION NUMIll'IHH Kill II U!IH (H Muv NMUTHuNN) KIHHIdN I'llOIMKlTH 
HBIATIVK TO Till'! NOTIMM. MJXTIIIIK UK li lillfi < i ilKI(MA.I. NKUTHdNH) PIMMK'lN 
PIVtIHIt'TR AH CAMHMjATKD I*t111 Till'! I 1 !Nil nl' 1 Till'! KIHHT I'KIIIOI) UK (MlNUHN- 
i! RATION AND A'NOlj HK,d AKTKH PI4TONATION 


Tlntu A ft oi* IMtmiUlnn 

H4-KT 

14 

■MT 

Yours 

llnyn 

1 foul’ll 

0 Hue 

400 Hun 

00 Huu 

400 Hun 



| o, 7oa 

.... 

( 1 .37 a 

0,77 a 

: 0, 840 

: .,0,774 



/ i. la 

0,301 

0,701 

0,1110 

0,740 




0.387 

0,781) 

0,381 

0,7311 



1. 8,40 

0,303 

0.780 

0, «7« 

0,7110 

- 


i 0. B3 

0.370 

0,703 

0.804 

0,733 

- 


0,10 

0,330 

0,810 

0,1188 

0.708 



7,0(1 

0,413 

0,883 

0,488 

0,873 



it.i 

0,408 

0,038 

0,048 

0.053 



10,8 

0,400 

1,00 

0.300 

1,00 



ao, a 

0.000 

1.10 

0.007 

1, 10 


MB 

04,6 

o.nia 

0,084 

0.383 

. 0,084 


a. i a 

or. l 

0.401 

0,070 

0.307 

0.074 


0,13 

74,0 

0.434 

0,000 

0,438 

0,07) 


4.57 

100,7 

0,880 

0.004 

0,808 

0,004 


0.70 

m, 

0,300 

0; 1)40 

0, 808 

0,1)48 

... 

0,83 

3110, 

0,3110 

0,048 

0. 863 

0,045 


11, <1 

340, 

0,340 

0,031 

0,430 

0,0151 


ai.i 

BOO, 

0,360 

0.003 { 

0,483 

0,110(1 


no. i) 

743, 

-0.1)08 

0.083 

o, nni 

0.1170 


’40,8 

1,087, 

0,401) 

1,000 

0,0111) 

0,000 


00,4. 

1,004, 

0,000 

It 0011 

0,753 

1,1101) 


07.11 

3,805, 

0,708 

1,010 

0,840 

1,01 a 


MB. 

IMQ0, 

0,010 

1,000 

0,033 

1,000 


9 308, 

4,000, 

0,1)31 

1.047 

0, BOO 

1,047 


301, 

7,330, 

0,1)63 

1, inn 

0. 808 

1,101, 

1.30 

i»8, - 

— 1 

r 1,313 

1,833 

0,033 

1,004- 

1,78 

uo. 

15,000, 

1,480 

3.533 

0,831 

- 8,533. 

a,no 

1 041), 

33,780, 

1,875 

3,003 

11,080 

8,000 

11,80 

1087, 

DO, 000. 

0,031 

3r000 

0,415 

3,000 

1 a.oa 

3007,.. 

48,000. 

0,408 

1,884 

0,340 

1.838 

8 , la 

30HG, 

71,700, 

(1,385 

0,004 

0, 157 

0,004 

ia,o 



0,3110 

0,870 

0,.l 18 

0, 87 H 

17.0 



0,100 

o.aiin 

0,007 

0.834 

an.7 

- - ■ - 


_11,11)0 

0,784 

0,085 

0.781 


II1 H 



I'unefbma of the simple fnllmil mmllng h,vhIoiii, If might be expected ihm tho 
delay-lime should I hi dependent on IhiiIi ,y fold and pn rUnlo-wi/.o (or on I ho lime 
limn niton bural), Iml no reliable trenda with these vnrlnblen omthl bo established 
with tho low unclassified (Into nvnllnblo, Therefore, the same lime-delay In 
used to oallmnle nil tho in mphovahicn for each of Iho condensation tlnum of 
Table 0.1. The enloulatlona of tho r» values corresponding to Iho pnrlUilo groups 
leaving tho fireball or cloud (ft tho selected times, for tho IHO second delay 
tlme. aro shown in Table fi.o, 


Table 0.0 

(COMPUTATION OF PA11TIOI.U H17.K PARAMFraiH I'OII VAIUOUH 
OQNDKNB ATION -TlMKB OF TIIR H4-KT AND 14-MT Y1K1.D 
UAND SUUF-AOK DETONATIONS 


Time 

(mo) 

m , 

. Jft/seo) 

v i 

(ft/eea) 

±. . 


l, 84-KT,ts„ - a.lBxlO 4 ft 



f) 

l.oixio 4 

00,0 

80,8 

0,84 

ana 

a.ioxio* 

8.40 

OS 

10.0 

400 

S.10x10 4 

■ ;; o,3B8 

0,080 

1 07, fl 


8, 14-MT ( r, B -4,09x10 ! ft 

__. r . - 


no 

n.soxio* 

08,1 

84,0 

0.08 

174 

4,01x10* 

0,18 

0,70 

0(80 

400 

4.00x10 * 

0,710 

0,084 

48.0 


The r 0 (1) vnluaa are plolterl ha an accumulated distribution curve, 

*■ a hinotion ofo-, In Future n.lli thedollad line oppllea to aca water Ini lout, 

(aee Sttbaeollon 0.8.4). The elope of the ourve for n values between Q.n and 8,0 
was determined with the aid of anme observed fractionation data on aoveral 
■Ingle Biiolide* relative to 7r-95 and Co-144, A single curve was drawn through - 
the point* to Indicate that, within th« uncertainties In the oaloulatlona and data, 
no real differences In Iho function have been established in make certain that tho 
"mall differences aro due only to yield. Aa can be aeon, the curve appenra to 
approach a value of about 80 percent of the r/hr at 1 hr oondensad, fori. values 
In excess nf l 00. 









Tho concept of I,he nooiumdatod Mint rilmtlcm curve for tho I ntel Ion of 
the total radionuclides omulonsod up to n ((Ivon Mine as ii I'unutlnn of the particle 
groups still present In the volume l» n valid ono, trrosponllve of the luieiirney 
with which It can ho imlmilAtml by using the thermodynamic ilata nnrl iho dynamic 
aspects of the fntlout model, Thu use of the dlatrllnitlim curve In a precise way, 
however, requires Information about the number distribution of the purl,lutes 
with respect to both their sires and the fraction of the activity that is carried ; 
ftwny by each Hire ((roup, Details of this nature still need to lie worked out 
before satisfactory estimates can be mudei for example, of Ihu fraction of Mill 
or Br-00 that is fused Inside of particle* of a given sire and the fraction that la 
condensed on tholr osterlors. The amount or fraction of each nuclide on tho 
smaller particles depends on tho fraotlon of tho nhttln In question that Is carried 
away by the larger particles, 

In tho following treatments of tho data in which the distribution curve 
Is used, no aooouat la made of the fraction of-lhc activity (In terms of r/hr at 
1 hr) that la oarriad away by the larger particles, The Implied assumption la 
that the effeot Is small, duo to tho largo nlnindanee of smaller particles relative 
to ths larger ones, For the gross Ionisation rates, this assumption may not 
iHVulVs vsfy lurga errors, simply beuauso the limit of the fraotlon condensed 
increases rapidly to alwut 70 percent and never Increases beyond about 80 per¬ 
cent fur the small-partlolo sk.es of Interest, Hut even if this is the oaee, and 
the effect Is small, further study Is needed of the relationships mentioned above, 
to estimate the fate of single radionuclides, > 

The ourvs of Figure Q,» was used in conjunction with some observed 
M f (1) values from Operation Jangle Shot l! B"< to establish the dependence of 
f(a) on a, The aaloulatlon of the values of f(’.a) from tho dnta Is presented in 
Table fl.Qi the values wero obtained from )f 

l(«> » 8, 46xl0 10 | r a { I) + 0, 019j M r (I) W 0, 0B> , (6,12) 

Tha fallout collectors nearest shot point collected considerable 
amounts of debris and dust from tha desert, kicked up In the vicinity of tho 
collectors by the blast wave, This extraneous dirt accounts for the exceedingly 
high observed !(«■) values at those locations, Although It Is llkoly that all the 
recovered samples contained some extraneous dust, the amount esHestsd should 
have decreased with distance from shot point, Since this source of dust would 
not contribute to the fallout in other less dswcri-Hko regions, nor at tho same 
relative distances from large yield detonations, It would lie desirable to elimin¬ 
ate Its contribution to f(o)i unfortunately, there are no means for estimating the 
amounts of extraneous debris In the samples and for correcting the lotnlmnss 
to the mnss of "pure 11 fallout, 





Tallin <i.n 


nAI.nil.ATION OF f(fv) FHOM M r ( 1) DATA FHOM 
OFFHATION .lANClIJ'i HIHsT "H !! 


(ft) 

M,,(l) 

/ mc/nq ft V 

«*l» 

rv m»K 

?; 

”1 

r„(.l) 

(r„( i)i o.flio) 

m 

(mg/KT) 

yr/hr fti i hr/ 

ano 

24,000 

0,382 

0.474 

0,498 

0,100 

0,110 

Ulxl0 M 

800 

810 

0,4115 

0,025 

0,550 

0,550 

. 0,100 

7,00x101* 

1,110 

100 

o.Bie 

0,080 

0,508 

0.100 

0,200 

1,77x10'“ 

1,720 

1015 

0,020 

0,800 

0.7 in 

0,251! 

0,272 

1,50x10'“ 

1,040 

000 

0,0815 

0,800 

0,7150 

0,880 

0,200 

0,88x10'“ 

8,000 

22r0 

-0.770 

1,00 

0.8SB- 

0,845 

WMA 

4,47*10". 

8,820 

22,0 

0,804 

1,04 1 

0,022 

0,102 

0.001 

4,70x10" 

0,040 

47,8 

0,815 

1,00 

0,070 

0,187 

0,400 

10,0x10" 

-1,480 

ai.fi 

0.024 

Ufi 

1.6(58 

0,410 

0,440 

7,80x10" 

0.000 

211.0 

6.00 

i .an 

1.005 

0,448 

0,40? 

0,38X10" 

0,010 

117.1 ‘ 

1.00 

1,87 

i.i fir 

U7470 

0,470 

0,110X10" 

7,400 

17.0 

1,0!) 

1,08 

1,805 

0,025 

--0,044 

0,08x10" 

0,180 

17,0. 

1.04 

2,02 

2.1,10 

0.057 

0,070 

0,18x10" 

18,000 


9,00 

ft,00 

2 .ao 

0.000 

0,714 

5,30x10" 


The variation or the funutlon, f(m), with n unn ho Indlcntail In ft very 
general norl of way by-mnking an anulogy between whnt may nomir In the fnllmil \ 

fm'million prnaoMM to whnl ■hnultl nnaur in an Idonlland oonriemslng system, If 
lluii Idealised ayalrm onniiil* of a group of suspended drop* In equilibrium with 
ft diHMolvud gni, the cmnoontrntlon or the condensing gni should ho the same In 
all particle* whnse diameter I* larger than n few tenths of ft micron, For. these 
particles, Lho oonaonlrntion I* Independent or the pnrllole diameter and, there¬ 
fore, Independent of the parameter, n, 

In h *y*lcm where lho purtlolo* tiro rapidly hunted and cooled river 
a short period of time; only the surface of the pnrlinles having dlnmelor# 
larger than the same *lao will he mollocii these larger pnrllole* Should, In a 
given period of lime, aomlup*e amount* or vapor that are proportional to (heir 
nurlnoo nreii nr to the square of their diameter*, The sftmo roBult ahmild neour 
for purtlolo* of nil sine* that do not moll at all. If the pnrllole* are very largo, 
only part of (ho surfnoo may ho melted (soo dlsousHlon In Chapter 3); the amount 
that I* onndonsofl will not heproportional In their surffttm (iron, 


!iau 







'I'liUHi lit nit Idnnl system wlmm |>nftlt'U<H urn exposed for I he given 
period of Unto to u uniform cmnuimlmtlniv of condensing gns, the nil to of tho 
particle nut as in tho amount condensed on each particle (m/n) shouldi (I) remit In 
constant for similar liquid pnrtlolum (U) he pruportlunnl to tlio particle ilia 
meter, d, lor the larger surfana-moUed particles and for ail solid particles, 
and (flj Increase more rapidly than the particle diameter for very Inrun partially- 
m cited partloloH, 

However, In the fallout formation process some of the smaller 
liquid particles can remain In tho pa volume after they solidify, and unndense 
material on their surfaces in addition to that contained In their volume*! 
these parttolaa could carry more activity than would he Indicated by (l) above, 
Smaller particle*, with diameter leas than about BO micron*, have terminal 
fall velocltlss proportional to the square of their diam eter (Stokes' law), Tor 
Theae, the particle diameter 1* proportional Hence, for a mixture 

of small spherical (previously melted) and irregular particles, the ratio, (m/0), 
•hould not decrease with tv more rapidly than does 1/V?T, If the amount Of 
email unmelteri particles that enter the cloud at tale times Is large, It would bo 
posBlbleJor th* average valu e of (m/a ) actually to tnereaso with o, For 
parttolaa with diameters from about so to 1000 microns that have fall velocities 
roughly proportional to their dtnmctor, their diameters are proportional to 
v w /rv , The dependence of the ratio, (m/a), for theee particles on a should lie 
between being proportional to nr and 1/iv. v 

If f('v) roughly follows this admixture of behaviors, It should decrease 
vary rapidly with tv at low values of «• i also, its rate of decrease with » should 
also decrease with the value of w. At high values of tv, f(rv) may decrease slowly 
with rv, have n constant value, or even pass through a minimum and indraass again, 

In Figure Q,9 a proposed curve for the variation of f(n- ) with rv is 
ahowm It Is bgsBd mainly on ths dangle "I" data, The slope of ths curve from 
tv*0,l lo 0,0 was dstsrmlnsd with the aid of stng^partiale activity data of raUeut 
from low tows ? detonations whers ths speolfla activity was roughly proportional 
to the dlamstsr of ths partlolss and, (or larger si ass aomparabls to a values 
lass than Oil, Inorsasad lass and leas rapidly with sUs, Ths line from o» 0,0 
to SO was based on a gsomstrlo mean value of the plotted data In ths rangs 
<v« 0,irto Oil, and on ssvsral values or M r (i) from higher yield doiuiiftUeiw - 
which, when corrected by use of Eq, fl.ia, gave a mean value of r<fv) of 1x10“ 
and an averags rv value of 80, No data wers availabls for estimating f(«) at n 
values larger than 90| hence s conetanl value of 1x10 11 was nseumsd for w values 
larger than 80, 

The lack of available data for establishing mobe accurate values of 
f(o) at the higher ,v values le not of too much oonoern for many usee of f(o) 
because of the lower levels of fallout that are neeonlnted with the smaller 
particles, This lack of data Is «f much mnro concern In evaluating the longer" 
nan 










tui'iii hnnurrin (.hill iti'i' iihhiihIiiIi’iI with (hi 1 uptake nl’ wrlnln Imw-llvi'd radio- 
oUunonla Ity plnnU nml nnlinulw, Hlni'c mm'h of (ho Hurl'iu'o-cumdonHod, 
blologliwlly iivnllnlili* tdointmlH will l»> mi c rind l»v the amaller pitrtUilon. 

The mnlluumllmil oxproMlonx for purilonn nr (ho propoMerl luiwtlim 

fur l'(ni) fti’u 


f(rv) 

» 7,46x10" nr 1 * 45 rng/KT, or 

* l.-HxlO* 1 * f»" 1 ■ <**' mg/flsslon, rv 

» 0.1 to 0,9 

(<UI1) 

and 




f(fv) 

* 7, <) Ox 10 ‘ 1 « * 0 • 0 m g / K T, or 

« S.64KlO" ,l n , ’ 0 * 6 ' , ° htg/fl»»lon! o 

a 0,9 tu 20 

(0.14) 

f<rv) 

« 1,0x10“ mg/KT, or 




s 7,l4xlO" 10 mg/flsslon, f* < ’20 


-(IItKI)- 


In whluh tho wind apeed aaantilntod with the n vnliius m approximately Ifl mph, 


The gonorfll equation for estimating M P (i) for n Innd mirfttne burst, 
I rum tho above treatment of tho data, It . 1 

f(rv>W _0 « 0M * 

m (i) r -y-—— —* Kuo) 

0<I)q7» ]V„(I)i7p OH till)] 

In whlah f(<j) In tho Ideal for unfraotloriod) inverae ■peotflo aetlvlty in ms/fliialon. 
U(i) isan instrument response factor, q N Is tho torrnln nttommtlon motor, H 
li the ratio of flaslon to total yield, r, (1) la tho groaa flaalon-produot Ionisation 
rate fractionation number at'IMl. I rp (1) Ib the true tiir Ionisation rate at M+l at 
li Teel above tn ideal plane uniformly contaminated with the ratUonuoUtlon from 
a normal (unfraotlon&ted) mlKluro of flaaltm prnduolaai n aurfaoe denalty 
equivalent In one flaalnn per aq ft, and l|(l) la the true air ionisation rate per 
flsolon oontrllwled hy Indtioed activities, 


fly substituting OdM for f>(l), 0,711 for q„, O.lMxltr ,;i (r/hr at 1 hr)/ 
(flaalon/aq ft) for l rp <t), and (UHhIO’" 1 (r/hr at 1 hr) (flislon/aq ft) for l| (1), 
the mass onntnur scaling function for the land aurfaoe lairat la 

I.HtnlO" f(rv)W 0,0H ' mg / dq ft 

M«( I ) - «n— 1 —- r-.-. . 1 <• - '• '■ mr rm 

n [r a (IH 0,019] r/hr ni l hr 
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(d,i7) 



ci.jj.m Uuiiumlmu'o on Height i'i' PuiiUi.of lUimi 


Whim no explosive Hiiii'hi" Ih delonnlpd below the surfnoe of (ho 
ground, tlui 1 ‘niit erntnp volume Inorensos in sine until a maximum amount 
of Hull In thrown out. An the ohnrgp depth jiKirnnsos beyond this point, the 
nmmmt or null thrown out begin* to dlmlnlalvand, nt some depth. tho explosive 
forno la no longer sufficient to break through tho surface of tho ground, Whon 
tho height of liurut in increased, tho iippuront crater from tho explosion rapidly 
dccronsox until nobrntor In formori. 

However, In mm Ion r explosions, tho uprlrnft of ulr following tho 
rising flrobnll usually form* h column of loosened noil particles oven whon no 
ronl ernlor la formotl, Tho height of bur»l nt whloh tho local fnllout become* 
insignificant occur# far detonations In which tho rising (hint column Juit full* 
to antuh up with the rising cloud. Instontl of specifying tho roc|ulr«mpnt for 
entrainment of stall purticlei to form in|lout, KNW givaOTlrobnll radius of, 
mow H|,i feat n» tho minimum holght of Ixtrst for, negligible Inlluuli this 
(might is supposedly nssoolnlod with tho height for contact of the flrobnll with 
the onrth's surfnoo. 

Since the gross specific nativity of the fill foul for surfnoo riolonntlonw 
hns boon found to bo more or loss proportlonnl to tho rnnuM of soli romovod 
from thournlor, It soem* thnt tho snmo troiul should occur wlllvchnngo of depth 
or holght of burst, Thus, tho vnluc of M r (l) is expected to Incronsn with depth 
of burst end daoronso with height of burst, nt lonst if the depths nnd/ar heights 
otburst nro not Inrge. As the depth of burst becomes very Inrgo, only n smnll 
amount of notlvlty should osonpo with most of the rndlonotlvlty remulnlng In or 
beneath the crater i that which does osonpo Is on very nmnll pnrllclo* which 
could Ik) dlsporsori over rolntlvely Inrgo nroiis, so that no high levels of fit I Idul 
would occur. However, the specific activity of those very smnll particles may 
still ho higher Hum It Is for the pnrtloles from dotonnllons at Inlurmmllnte depths, 

As the height of burst Is Increased (by small distnneo*) tho smaller 
amounts of loosened (or molted) soil particles would result In Inoronsos In the 
specific notlvlty of the fallout. However, ns tho holght of burnt booomes Inrgo, 
the also of the pnrtloles Hint onn notunlly enter the cloud decreases, Since 
those Hint enter do so til Inter times (because of the height involved), niuI ilnno, 
I^rtfiis timp.lhp cohcentrnllon of the condon* |pg rndlonutivity hns decreased, 
due to both expansion or the cloud and depletion by vapor condensation to form 
very small solid particles, the amount of radioactivity colloctod by each soil 
pnrtleln thnt enter# the fireball or rising eland should be small, Therefore 
the specific notlvlty of pnrtlclos In the rollout should first inorenso and Hum 
dee rouse ns the height of burst inornnnns, 




A proponed nurvo for 11 mu hh norreollon to M,. (i) iH mIuiwu iu 
KlKurn (1.4 In whloh I ho mann-commUno liiolor, Kx, In tty 

M,, x (l) ^ M r (l)/K x (it.IH) 

where M r x 0) lii the mnnn cmnlour ratio ni the muddir-nettleil depth given liy 

K n ■ h/wVa ((1,1!)) 

and h In the depth ot burnt (»h In the height of burnt) anil \V Is the tolnl yield In 
KT rather than In pound* of TNT nn ummlly duflnncl. 

The point ni K% o.i) wuh olilnlnod, from tho M r (I) data of Rofoi’onoo 
4 for,lilts Operation Jangle 1 "JLL" Mhot, liy comparing t he m e n mi ml vnltU'H will) 
tlwiiu from the Jangle "H" shot ni the mime downwind cUntnnou. At tlui fnrgor 
height* of burnt ono of tho t|wo points; was tleidml from Um-spaalflo nativity 
and ciantonr ratio clntn of fnlloul from a tower dutonntlani the olhor point wan 
derived fr om the npeolfl o notl vlty clntn of fallout from a balloon clutormilon> 

Tho value* of Kx are riitlon of the average value* of (1) In onuh Wifi), Thcr 
remainder of tho curve wm determined fronrlfltflT^ploBlvirerattir-vnliime dam, 

In unlhR tho propound ourvo, tho nnHumptlon In impllod that tho 
orator volume or mnnn that forma fallout vurlon a* W ft,im Tor till height* und 
depth* of burnt ropronontad by the curve, Thin nnnumptlon In valid, within the 
aeouraoy of mo«t orator data, for n fairly wldo variation In noil typo moclln, 
and for A ^ value* between about-100 and+7a, In o*Umatln« M)(l) lor n low 
air-burnt or nhallow underground-bumt, M r (1) at nolooted vnluon of tlio down¬ 
wind rllntnneo In to be eompuletl for the name yield nurfaen liuriit nml them 
corrected by une of B(|. 0,1 B, Thin procedure in indicated boduuno K. wan 
determined hy uompnrlnon to tho M r (L) vnluon at the name downwind cljntimoon, 
However, without method* for correction tho fallout contourn themnelven for 
height or depth of burnt, the contour ratio M^(l), Is of Iona Immediate general 
uio than M r (1) 



No uaelannlfled data are available from whloh Mr (1) for noa water 
delanntlnnu onn lie ooinputod*, however, rough csllmtvlcH may Ihi made, using 
the data In I'lNW, If H In annmned that (1) tho maim of water thrown up In 
proportional to the yield, (!)) Imldn for a detonation la water aw well an la 
noil, and (ii) fraetlonal mining of the unvlronmunlul mnlori.x'.M and llanlon 


iisiy 





proiliieln Ih larger lor ii wider hIhiI. lit KNVV, |>. in, (| Ih »'wl I mu U>d Hint 
approximately III" tons ol‘ wnlt'r W«*I’|| i<.|imi| nit lulu tho nil' liy the Ull-KT initial 
Hnknr ilel.imn|.lni\.ThlH In equivalent In ■l.nxIO 1 " mg/KT, Taking the depth nf 
burnt it h approximately lui If the depth nf I ho lagoon, Ih about (1,1! I, Thorofni 
Him amount of wiil.ni’ thrown tip I’oi* it huh wnl.ni’ Hurl'iioo ilnlnnullnn muy In* 
approximated by 


M w " ■ 0,Y»x 10 la W mg hum walor. (d.go) 

If fVf is used to estimate an avoragn vuluo of f(rv) foi* thn fallout 
from iiliuul-Hut’l'itoii detonation, tho frnollannl mixing nf tho soil unit ho 
estimated from r((v)/M„ whioh, from FlRuro (I, a and Nq, a, 1(1(1, In found to I hi 
approximately given liy 0,l4W“ n,OM , or about 10 to 14 percent of thn loi.nl 
xoll thrown out of tho crater. Kov tho ourfttw) water bunt, tho fractional 
mixing waa a»»umed to bn about no percent of tho wntur thrown up or about a to 
It. time* larger than that of tho aurfnco land detonations, 

Because tliu end of tho first period of condensation for a wator 
shot occur# at about 0*0, very little frnotlonnl Ion of thn flaelon produdtn (with 
poamble exception oi tho rare p« elements’) should occur, cspoutullyfortho 
larger yield detonation*, This longer period or oondematlon for the water 
before tho final non wator fallout part loin are formed by vapor oondeneatlon 
nhmild result In more thorough mixing of Me water and the flaelon product*, 
a* well an In rather uniform concentration* of tho radioactive olemente In 
all faliout parllole* or drop*", for theio roneone,f((v) Tor the water ehote 
wao taken to bo Independent of tv , or droplet nine, and equal to 4.ftxl0 lu mg/KT 
or fl.4>tl0 ,i mg/flsalon, The man contour ratio, In terms of the male of 
original eon water, Ih then '/ 

H< hi , 1.4 x I 0" 11 mg aca wnter/aq ft a 

l)(l)ru n [l,p(l) + 1,(1)] r/hr ut 1 hr 
whew no tmotlonallon or the radionuclide* In the fallout la ahaumed, 

The no-fractionation assumption la essentiallyvalidior yield* 
greater than about rt-MT. For lower yields than this, a groaM eatimato of 
Wgroaa rruoliouarton number for a aiiri'noirwater detonation, r (ijyoaii bo 
made from a log-normal distribution curve of r '„{]) In which tho cumulative 
dlatrlbullon curve* pa**e* through rji(l )■ O.h nt rv >« l, and through rU |) * 

OiB at o 100 (ice dotted line of Figure (1.8). The simple fallout sealing 
system for thu land aurfaee burat can bo used to provide a gruss estimate of 
tho fallout nreiiM from *oa wntur detonation#, No large or experimentally 
observed significant differences In tho tiron* or heavy fallout at sea have linen 
lound between the lnntl and aca type* of detonations lor large yield*, 






Knr iu'm will or In limit thiii In iIi'ikihIIimI on lam I nmin whore t ho 
previous vnlunH nf l)(l) nml i|, apply, ilia imiHM ooulnur rillln for Ilia fallout of n 
largo ylahl ilalomillnit nil Iho mirl'iioa of liie wider railuaoH fa 


.. ,,, H5 iti|| h a|\ water/sq ft 
Mr (U « n - r7tTFni.-l hr ' 


(II, Mill 


When Completely dried, tint hoii wnlov milt residue, il,l fl.ll paroani of Ilia Initial 
noil- Will or itniHB, Ih only 8.8/n(nig7Hi|rl , l..)/(i7lu'ill I Ill'll 

IUiuiuibb iho fallout (IropH apparently fall most of ilia dlslmioo from 
Iho high altitude In Iho solid state through lumpuraturon where Ilia suiilfmiUlon 
pressure of iho Wider In rather low, the change In droplet-HI no with tlina' Ih 
probably rather slow, At, the lower anti warmer altitudes, where iho pa Males 
uxlivL In the 1 (quid-Hl-Htet-fcliny olthur grow turgor or doorcase In slnu hy 
evaporation, depending oh the rolutlv-o humidity of (ha nor room ling air, Tints, 
the true value of M r (1):for the arriving particles ooultl ho almost as low tis Iho 
14,8/It vnluo or ooultl ho tivofl largor than I,ho BB'/tJ value, In dry (warm) 
tilim atos anti over Land areas whoro the M, <j) value nf tho arriving material 
would ho tow, the fallout pattern would estohcl much fanhor dowmvind than 
woulfl ho ostlmotod from uso of the simple fallout sealing system for land 
surface detonations, This Is simply bcumuso tho droplets, dooroaslng In sine 
and density an tho water'evaporates, would-bo earned to groale r-dlslancsos- and 
dispersed aver a larger area, llndur those conditions, tho deposit levels 
would all ho doereased, 



TjtflltiaiS eon tour ralla from detonations Ih slfnllow witter should 
dtipend on (a)ijthe helglit or depth or the hurst politl wUh wspoot to the water 
surface, (b)jiho depth of iho water, and (o) the cffeollve/lopth of tho ureter In the 
liottom of the harlior, f'kiunlltins for estimating the oor/tour ratio wore dorlvod 
from Iho assumption.of pi%wtloiml mixing of the sail and wator contained In a 
sol of assumwd oone-shapfd-orator. volumes, - 

fur dot,anal Ions In which Uvo-walur depth, d w , buumll enou gh so thnt 
a significant amount of bottom material Is removed, the orator depth, as 
monsurud from the mirl'ivoo of the water to the bottom of the ornler In the harbor 
bottom, 1s assumed to approach the ornler doptli of n detonation In dry soil, 
.Using.Iho data of P,NW (p.iiKl) for a land surface doioimtlon, the orator depth Is 
given by 

4»W0. 

, „ « — it 


(0,811) 



where d s In l lu« nil In «il' llm ernler deplli fur n Hiirliire Ihii'hI In I In 1 erniei 
deplli for ii Imi’Ml. ii! Ihi' minli'iir willed depth, 'n|, An t>HllmnlIniV mirve I'M' 

Iiiihi'iI mi hluli-i'M|t|i»Mlvi' ilnln, Ih hIiiiwii in FlHiirn fUi. 

ft In eoiivuiilinil In iihu llm iiiiihh nolld-lo-llmud nil in, deulpnided 
8, an n oompoHlllon vnrlnliie for l.lu’ relative niiimmM of linrhor linllnm 
nwlerlnl mul huh will nr iih I.Iw two mn|»i' cmiiMt IIiumiIh of this lyin' nl I'allnnl. 

The hiuiui relative iiiIhIiik rnlioti of. the loin 1 material removed from Hit' hi»II 
n rotors nnrl the water vninniuw lifted up to form fiillmil are Mummied In oenur 
In l.ht! linrhor detonation iim neour for eivoli type of »h»l Hupimilelyi the nil Inn 
would then depend oivthe relnllvn ituihhoh of water and noil Hint are drawn 
up, Aw'tmlliiRly, llui riillo* (of the innwHUH of eueh oonaUUioiU) would lie 
roughly propnrllonivllo f(n)W ’ ,M -P /f / (rv)i the proportionality fuel or ItHelf 
muni- lie reliilcftl to life Initial irnipiiiitn of moll mid water insinuated by the 
delonnllnn, Thn Initial amounts of eiuih oniislltiienl. Involved must, In Uii?n, 
depend on the depth nr llm walqr and the nine of tlm"arnlor In the Kiirhor hoilom, 

Data are not available for oninbllshlnK (ho proportionality I'nolor 
on an emplrlcml IuihIb, ho noomolrlcml iionHltluratloiis were used to develop a 
model for eHlInintlnu-IlH values• The aeomotelcal-amter-Blmpeg assu med 
were two Inverted oonen both hav Inn the snmo rndlim, It, nl llui water wirl'tuie,, 
Thcf helpihl of thn eone Involving the harbor liollom material Is tlw depth of 
the water, d w |>Iuk the depth of tlm firmer In the harbor liollom, dj, Wltlrthla 
Koomolry, llm volume of llm hni'lwr bottom material (solldm) removed Ib 

V, « (d # *)" /(d„ H '+ d w l' 1 

whore II, lor n land mirfnaa detonation, nocnrrilnK to ENW, Ib OjSW^ ft, 

Tlw dejiUi (or helitht) of the. eone for the water eompoponti rtf, , whn 
taken |o ho eipial to the depth offlie water Involved In tliuvxplOHlun lor the 
ottBti In whluli lint: water Iw sufl'lui cutty deep so that no cimter Ib formed Ip tlw 
harbor liollom, For this Homnolry, tlw volume of water Involved Ih 

W h r- (it im* [d{ * (df - d*)«/(r|' # )w] (0.U5) 

lly aHSumlnm the riillo of tlw Ihi lit density of the bottom mnlorlnl lo that of the 
*mi wider in be *rtitu proportionality itn,dnr in pivwn by 

aid,,”)“ 

Sfl a —.——--■- - «i.iud 

di(d ( - + d w )“ [l - m rl w )“/(*!;)•] 


(Ill 1 




Flgur* 6,5 

PROPOSED CRATER DEPTH CORRECTION CURVE POR THE MA88 CONTOUR RATIO AS 
A FUNCTION OP THE NUCLEAR SCALED DEPTH 




(0,1)7) 


Minor O';, Bhouiil (iromiMn with depth nf water, a I’lnnt -oi'ilot* 
iv|i|ii'ok1iiiiiUmii of il,7 nmy lw (ilitiilmul from a function of Ihn form 


(1,7 (1,1 11 - <f ft <w)fi w | 

where) il u (W) In n yield dopemdent parameter that meet -be evaluated from 
livnllnlile dnl,ft, It Wiib not point I bio to evaluate) d„(W) from tlio dntu of KNW 
(|)|i,aao ftnd 88 1) buDnuBo, for yields of about 10-KT nnd greater, that (Into 
give* larger oratum In n harbor bottom (olny mud) under water than for n laud 
surface detonation, linoaueo miuh results nro not In accord with observations, 
the data In KNW lire presumably extrapolated Inoorrootly from high explosive 
datai henae they nro not directly applicable to the higher yield nudeur 
oxplo«fon», Correcting some of the I1NW data to nn equivalent nuulenr yield 
(eee Chapter 2 for fraction of energy In blast) give* 

d # (W) « 0.017W" 0 ' 16 ft, (rt,»R> 

The appropriate value of d{| I ■ obtained from Kq, 0.27 for the water 
depth at which dfi become* neroi for a water surface detonation thin in 

|w - d* * B9W 0 ' 16 ft, , (6,80) 

v 

From Kq, 0,80, the value;jof d,' obtained by iiBBuming the Involvement of n 
hemlsphsrloal volume of Water In SOW Vs ft, On the other hand, If the ihape 
of (he water volume thrown up Ib amaomed to be the same an that of n crater 
In Bollii'then cl/, from a linear increase In nil the soil orator dimensions to 
the vofiimo of the water removed, would be i)BW u,im ft, Thus the value of d„' 
found for Kq, o,ao BuggoBtB that the ratio of the radius to the depth for the 
water "orater" inarea*OB more rapidly with yield than It does for a crater , 

In dry soil, 

With S„ defining the solid-to-liqukl ratio weighting factor, the 
liquid mftBB fraotlon weighting factor Ib 1/(1 + « B ) and tho lolld man Motion 
weighting factor la S„/(l + ^), With these weighting factors, the total mass 
of material for the mixture per unit of yield for the fallout from a harbor 
det onatio n onjho surface nf the water, Ib 

I + "n 






The Bollrl-tn-llqiild mil h h mttn at n Riven lonnllnn In (hr fit Until nrnn In ( then, 
,M w l<rv)W 0 


<«.!!!) 


and thn miiHM contour ratio. for thin harbor detonation typo of fnllnut mny be 
o Hi I m mod from 


M,U) 


7. ix nr 8-1 1^(0) 


d<I)c|„KxIS [pJlDlfpii) + 1,0)], 


for l i p (0 nml l| (I) In (r/hr at l hr)/(riHHion/sq ft), I (tv) lit m«/KT, and In 
which r*(l) Ih the srnsx fractionation number for tho slurry, 

Tor shot Roomctrlos whore 8„ has values less than about one, a 
lurp amount of wnter and sun water suits are present in the fireball, Under 
suah Dominions the use of tho r„(l) values for fallout fronra surface land 

detonation Is not appropriate-even for tho solijd fraptiqn—iHloausa of_ 

dSfl'ftrcnocs In vapor pressures between the oxides and hydroxides of many of 
the fission product elements, However, as the wnter content decreases (B„ 
becomes lar«cr) the uso of r e ,(!) for tho solids becomes more applicable, and, 
ns the R„ valuos detmmso, the itf (1) values for tho water fallout apply . To 
account, In arcs* way, for these Interactions, it is aiiRRestofl that r^(l) be 
estimated from _ 




r«0) I Sp i'ev( I) 

I I Sp 


, S 9 r 1 


<fliflfi) 


'*• rfcU)-, »"< I 

Tor Inrae-ylelil detonations (WM-MT) on the surface of the harbor 
wafer( avIici'c <i) is oasuntidily umty-f©r alTrr, 8,, i» l*e» thnn unity, and 

I?(t), q»,!(,, (1), and l ( <l) have tho standard values), the mass contour ratio is 


M,. (I) 


I.HKIO-" (•!,Hxl O li » + S # f(0f)W°' ) 


mu slurry/sq, ft 
r/hr at I hr 


(ii.ani 


(I i .%)u 





mill, I'n r ImviT ylclilH, I In* rmilllpllr>r would ln> I. h;in I n " ■ r,'. (I) 1 (MU' 

liutliwiil of I .Ms I n M . 

Hni'iiiiHn llio I(«v)vnhntrt wurii dttrivi'd I com ilnlii mi Inllnul Irniti In ml 
«M'fluid lUHimiiUoiiH, uhil Iiihvhiihp I, ho wlmplo liillmil. modi' I n|ipl Ion only u> limd 
Hurfnoo iloinnnllonn, iiho of Iho hoiiIIiik I'unotloiiN nt other duplha of hurat will 
Introduce iin’orH nmmiK tho rllmiiiiuin, ulniidiird Intensity, mid purl Inlo hI/,o 
povnimHovH, TIioho errors should, of (Kn,|rao, Imircimn dm thn miolonr Mdflloil 
dopth (or hnlglit) n|hifl-M farther nwuy I'mm aero 

i Knr burnt heights or doplhH Hint, urn n h hull I deviation Imm u 

atirfnoo burst, tho error in tho extent of Uui In 11 out pattern Itself Hhoiild not ho 
largo Minot) ihn olouil height h nnd sine iironot very sonsltlve to either height 
or depth of burnt or typo of mod til nt tha point of dntonnttnn, Howovnr, tho 
value of tho mam nontour ratio Is very sonslUvu to tho dopth of liumtv thin Is 
Indicated by the rapid change of K x nndd x withA^wlwuAfgI** Mtitiill. Cnnsldnrlng 
tho gonorat trends nnd accuracy of tho source tlntn, tho fit) lout model non ling 
functions for n surface detonation could bo used, without significant liiprouaos 
In error for nil typos of detonations nhnrnolorlKod by values up to idVtmd 
it li tllsuly that consistent evrorH-weultf-lHioonie liioronalngly-largB-for- A^ 
values larger thnn • in. 0y use of nndhi, howovor, tho scaling runotlon 
for M,(1> vnluoa appears to bo na rollnblo n« tho original tlntn up to \ N 
values of *110, - ■ 

a.itdi Minim: MIM fium Qj-illJQttJlmijmttitJi'- 



To llluslrnlo tho uso of thu scaling functions for tho muxs ooiHour 
Tntlo and how lla vnluo riopontla on tho various pn ritmotors, compulations for 
M{(1) wore made ton (l) n land surface detonation, (nnd detonations on tho) 
|si) water surfntio, and (on tho) (It) water bottom, for depths of so, SO, and 
100 feet, Tho tmlmilallbn results for H„ Iffo shown In Table 0,7, 

Tho vnluo of d/ Indicates lhati lor water depths In excess or about 
I HO fool, tho fill lout, from « mtrfnee dotonfitlaiv, wotdd bo n puro“aoa wntor 
typo or fallout, It nmy bo noted that d; has boon corrected for dopth of burnt 
by l/d\ In tho an mo way as d„ nnd d*. 





For i.iiim|iutliiK M r <I), Uin pimimntiTH 1), < 1 ,, nml !)(|) worn taken 
to hn 1,0, 0,70 nml 0,70, respectively, Willi these viiIuhh, the iiiiihm contour 
ratio sou IIiik funutlmi lineonies 


M r ' (I) - 


______ 

K A Jo. 'Hull)' ,!l I', 1 ; (I) I 0. rixlO' ,!I J 


( 11 , 00 ) 


M r K (I) 


I.HJhIO ' 11 f„! In) 


a fl < 1 


<0.»7) 


Table 0.7 1 

COMPUTATION OF B n FOR 8EVEHAL DBTONATION 
CONDITIONS OF A I-MT FISSION WKAPON 


Depth of 
Durst 
(ft) 

An 


n 



n 

■M 

ti; 

(ft) 

H„ - 

0 

0 

MU 

mm 

M 


BH 

178 

11,411 

SO 

■0.0 

20 

0,90 

0,80 

mo 

108 

108 

' 0,81) 

0 

0 

no 

1.0 

1,0 

140 

101 

17 H 

O18OB 

no 

0.0 

no 

0,74 

0,00 

IB!) 

too 

240 

1,20 

0 

0 

too 

1.0 

1,0 

140 

(II 

178 

0,108 

100 

10,0 

tod 

0,07 

0.4,7 

240 

108 

018 

0,272 


Tho (t) vnluns at various downwind dlatanuea are Riven In Table 0 , 8 , 

Tho values for a* fl) word onIcuilntrtl liy vino of Mq, 0,00 lor H„ 11 , 411 , 
It,SI), and 1.20.’ At dlstanuea where lioth atom and cloud fallout nuour, tho over- 
nil MHI) valuta, worn uoloulalod by multiplying tho Individual ratios liy tho 
rospootlvu l value* 1 a (kit hr tho masses obtained, and then dlvldlni* the iota I by 
tho sum of (ho two I values, 

Selection of tho Buriaov-water and Imttom detonations wan made mo mm 
to rI vo tho spread In M, (1) values for diiicinutions anywhere in the water layer' 
tills spread Is not InrRe for 20 and IU) feet depths, hut at 100 loot the spread Is ' 
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iihaul ii fnntor ill' M. Tim Inrun iihiilw in M»•(.!) from dry-noil I'lilldill In Mini 
Tor I ho I'nlloui from n dolonntlnn on Urn Hurfuun of UK) fool of wnlor Ih, of ouiirno, 
dun In Ih'o liii'Knr nmoimlH of will or thrown up, No nliaolulo notmrnoy aim ho, 
Ntntnd for nny of I,ho luimbnra for llm hnrbor-ahol I'nlloui,i hownvor, I ho vnluon 
for llio wnlor-Hurfueo dotonntlnna nro morn luicuitMiici, tnlmn rolutivo In oiuili 
other, than nro I,ho nhanlulu vnluon of ilm mnaa oonfmir rnllom, 




Hlnuo two flHnlon-protlucit ntoma nro prndunad In unah Hanlon avoid, thorn 
nro H.HRxTO ^ inoloa of final on producdfl formotl per fission, or (Mint moloa ol 
fission products produced por kllolon of jjftold, Thu distribution of the no products, 
over nn extended nron would roault In nn air Ionisation ruto at ll foot, above tho 
am Riven by h,, (t) In r/hr par fisslon/aq ft, Thu* the flislon-peoducit contour 
rntio for n fractionated mixture, Inoltidlnm jlnduued nativities .H'rom n land 
surface dolonntlnn, la Riven by 


FP p jU1 “ 


nM)q, [»'«(1 )bn Ilf+TiT^ 


mote* fp/aq ft 
t'/lu* al: I hr 


..(fl.ll 8) 


where e, *(a)-Js-the fraction of oauh nuolldo nomitmnwl on lho partlele grtnip 
designated by « rolutivo to the total number of fissions, and. la deft hot) by 


" f [*s(A) I- i'n(A)] y A 


(11,1111) 


In which r« (A) la the fraction of the mans chain for u Riven element (or ohnln 
mnaa number) condensed when Hie particles wore In the liquid alntc, r„ (A) la 
the fraction nondenaed on the surfnou of the particles of sine ft, ,va la thn 
yield of the mnaa oluvin In atoms per Hanlon, nnd the ftintor li la for the total 
yield of li atoms per fission, If no frnotloniitlon occurs the''Hum of the rj A (cr) 
for fill tv in unity, A 


Using thn Minmlitrrl- vitltima of f)(l), q„, nnd I, (lj, FP,, (|> la given 

H.IlKin-"' W, A r|A(rr) 

FIVd) - ■ J / 

rod) !■ 0,01') ; 


(Mil) 


For son wnlor or Imroh-typa fnllont, i rt (l) la roplnood by r (( (I) or r* (l)i Unis 
the vnluo of Fl' r (i) Ih dopomlnnl on thn omulltlonH of dobinnlton only IhrmiRh 
llm gross ITnulloiuitlun numlmr, 



1 ho (mollon-oMi'vIco t’lmimii* patio, In turn 
t'lMMlon events, Id 


i or tho total mimiior of 


, (r/hr at I hr - *q ft)' 1 , 


nr, for tho RiantlnrtI values of 11(1), q N , anti 1, (1), 


RW [r„(l) + 0,019] 


Th# fraotlon-of-devtoe contour ratio has two uses, The first In that It In 
used to estimate the surface density of constituents that are assumed to mix 
uniformly with the more refractory fission prmluols, The second Is that it Is 
used In conjunction with ohservid fallout patterns when the latter are integrated 
for the total fraction of the weapon contained within a stated Ionisation rats 
contour, The use of both aontour ratios Is Illustrated in Chapter 7, Volume II. 

For a lend eurfac* burst, the average concentration of tho lias ton 
products Is estimated from ths ratio of FP r (1) in M r (ill this l« 

: ; i' l.ia>tl&“*lBW 0 ' 08, Sj A rj A («) \ males fp 


, , ! mg fallout 


(1,4 Follaimi-Omitftminntlnn Factor Contour llatlo 

In Chsptar fl, the foliage contamination factor, tu, wae defined as the 
ratio of the number of fissions In the fallout cm foliage per gram of dry plant 
(or foliage) to the number of fissions in the total deposltertlallout, per sq ft 
«f soil, Also, ths foliage eurfaoe density, w,, (iubjeot to contamination! was 
defined as the grams of dry foliage per eq ftr’bf soil, Therefore, the foliage* 
contamination factor contour rrttto is defined by 

fissions on foliSge/ft 1 of soli area 






((MR) 


Thu contour ratio, nviihintod as of II -i 1, In 

« f w. fissions mi fnl in^rt / n H of mo 11 area 

rc.(i) - ---— 

K„(l) r/hratllir 

where 

K a (i) « 1,90x1 ir lB Ld) + o,oigl — ——- (Mil) 

*■ J fi*ii ion/ft 1 

whnn the standard values of D(l) and cl are uead, II la noun thnl. mulUpllonUnn 
nr FO r (1) by 1(1) gives the numlier of fissions on foliage pen *q ft of Kill nrun 

Tim "sera-tlme" number of atom* of a given radionuclide (at limit for 
the and member ofa mill chain) In the fallout in given by 

In which V A is the man chain yield In atoni* par fission of moil number A, 

The major interest in tlio contamination of foliage, by. fallout ia related 
to tha foot that the oomumptlon of thi foliage by animole and humoni may 
produce nn Internal radiological hasard,, Therefore, ganirolliotlon and 
extension* of the foliage contamination factor data from tower-and balloon- 
detonation fallout are needed for making estimate! of the potential biological 
availability of the radionuclides in the fallout from other types of nuclear 
•xploitnns and for various foliage contamination conditions, 

When contaminated foliage ii coneumed, some of the radlonuolldee or 
•ome fraction of each nuclide ingested ii dieeolved in the stomach fluldsi 
th* remainder ituya with the partlolei and pan through the digestive tract. 
Many of the dissolved nuclidei ir« aiflifflltlted Into the blood and concentrate 
in specific body organs, The factor* involved In, thii dlatflbutlon ant! the 
method* for estimating the resulting internal doses are given by K.K, Morgan 
and others, 11 

However, method* are needed for estimating the relntlv* amount of each 
nuclide that Is soluble in the stomach fluids, Kvaluatlons of the Internal 
hassrd can lie marie (for fallout conditions In a nuclear war, for example) from 
the generalisations, of the foliage contamination ton tor together with estimates 
of the solubilities of the radionuclides, 




Thn iimmnil nf rndlmml.lva mmlldi'H Um! pirna Ihi'imgh lln> dI ij,chI i\n l mid 
may hn nmialdnrnd anpnrntidy linoimais a Inrgn fnmtltm id i*nr|iiln I'mlliimii'lldoH 
In llm fallnul. will lm liiNnluhln. I ,, nr llmaa rnillnmuiltdoH, only tint utohih niununle 
paMMinK through nnwil hit tmnaldnrnd. Ilownvnr, fop llm nnan of llm MHNlmllallnn 
nf llm Rnltililn uuidldaa In othor hotly nrgime, nimh rrulloMiolliln mual hnciiii" 
Bldnrud Hcpni’Mlnly, 


A grown natlimlo of thn rndlonotlvlty nf (naoluhle minililntt p'haaing- 
through t|\n dlgnatjvo tract,from Ingoatlon of unntnrnlnnlnd foil ago nan Ivn made 
If It la fliHimmtl dial tho groan Holubjllty of iho rntllonoUvIty in Ihnnnnm la Urn 
•tom a ah h« It I* In o.l-N MCI,. If thn noluhlo fraction oftlm groaa nativity ih 
defined ua H(t), tho number of molea of flaaton product alonia IngoiHod that 
pnaa through tho ritgnattvo tract with thn partinln* la given by 


ff, -• . *ml A,.c,w a 1 ;* rrMir 

. * L J day ... -f 

•• ~ ■ <mb) 

Where Ap la FC, (l)f(t) In flsilous on follage/l't* of anil area, iinrl C„(t) la In 
ft* of milage opnaumodAlny. Equation 0,41 nan lie written In term* of dla/aoe, 

na 


r^e “ [l * S(t>l Aj,C,(t)ft, n (t) tlig / 8ec <11,40) 

1 J day 

.. - . - ' 

whara a (p (t) la in dla/aao par flaaton tit the lima, t, after detonation, U mny ho 
noted that If 0* (t) la defined In UVrmi of grama of dry foliage per titty, w Ti mny 
be ellminatefl from the definition of fO r (t) in liqa, 0,44 and. (Ml), ’ 

Theoretical eatlmatoa of the fractional nmount of Insoluble aotlvltlea 
may be matin from the data of Chapter 4 lf.lt (a ftaaumed that nil thn riaalon- 
product nuulldea on the exterior i.urfaoe of the partlcloa dlasolve In tlm atnmnnh 
fluid*, The fruutlon not rltaaolvOf! la then given by thn r„ (A) valuea for ouch of 
thn flaa Ion-product nuclide*, If thnae frnaUanntjon ntimimr* orn yoilntijhnr} na 
m> whom ,| dnitgnnlo* tho olomenl and A tho mnia number (iaatopo), than 
KJqa, 0,4fl and ft, II) cmn ho written aa 

FP. A r O.,„I JA r JA N JA W .. 
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and 



wlutt'i! N ja (A) Ib linn numlmr or atonm id ulenumi i with 1 hi' uiiihh inunlior A par 
flsplon at tlm lima, I , nflur I’l salon, nml is j(I) Is lhr m-ll.vTly -Iii.iIIh/huu pi'i' 
flMHloll of Ihn lliiolldo (Ilia liwHoes A and jdid'liio Ihn miidlda ln l im'iuh <>r i( m ;nn mm 
nuijilw.i’and IIh nliinilii niinilinr, nr I'liimi’iilnl daplmiailnn). 1 


(l,4,!i Hnluhlu^Nlinlldc Vriuitlrni H 

flit) Notability In dlgosUvo I'luIds ol imnTi tdaiui'iilV niillimuollilL',. 
(minded by the fallout parlloloi* ile|io»lM on edlhlu lid lima must ho known ho lore 
on Urn alma of the amounts of one!) that tionoanimte In the Ubbuo of (spnell'ln) hody 
tiffxnn« tmn ho made. ir Ilia nudlldo Molubllltlwn''in U. J normal HtUsolution im> ’ 
Lhojinme niji In dlnoBtlve HuIiIb, Ilian moumiromontN nl ihn ndIii.IiIIIUdh in Ilia a old 
onti ho ufloll lii nuoh oHtlmnlou. #lho Bolublllty In llja ji,l nrii'imil Itni solution 
iNjLoi'Lnorl rat Si for the Itlv^lomont. tho mvimint andYndttmatl vlly ottlin Itli 
--wtdlenu«il|B (<rf-Btement -—-- --- 

Nj'a * !• 66HI 0" a 11 An„]|:)N,N, a( f) imdafl/dn y Jfl.lW) 

and ’ ; " ; , . ' j 

*Ja \ ' 

In whloh-a, la the f^Ehi:^eiwienf jlfiaf r»-Hq,lii|*|e; ThcKmeHoal unpep-llmit 
vflluBg of Nfi (t).and it 1 V can bo cut! muted lty mib«tltiUlnn tlm appropriate valium 
of I’S (A)( forloflrfetl ri'f* fj A , «lvnn by Eij, n,nToi» H ,. 

It ihoulfl be ompj«tai»Bd that, frtrftwemi nppllenhllliy, Hie vniuen 
of fl(l) ami Hj mu»t ho known am a funellon id' pnrttalu-illnmelur. I'nr the 
Binaller pnrUataB, Hit) valium of H,, (A), oi< r, A am (mlepiindoiil of partloli* mIkii/ 
but tho valuoB of i’|(,.{A), on rf A , ftro not. ' f 


Vavlfttlon iif tho Pollnito-OnntiiiTilimt lon !■ imU>r with Piij-Uoliii Hty.a " 

The viiIuoh of a. and K fj (t) depond-mi |mritide Him. The diipnminnW 
ol Ilia latter on Ilia parUeli'-Wm dmdKimtnr, rv, 1 h rnprnsonlnd h.v Im|, il.lii, The 
de|Himtenon of a on o- wiih derived Irom the data nl lliimjin/ami ohwiu’Io-i'h" 
praBonfod la f!hA|d.er 2. 




Till' viiInn i !<l n Mini mi i 1 11 • I i i nlili In Hu- >. mi inn i mi i iiii il > 11linn 
ill ii ( ivn'l I' «-i* l<H In I i’ll I min 

• /!' .. 1 ( 1 ..ill 

wlioro X Ih I ho iliNlmu 1 " I'rmn urnimil /.ni'n mill Ii ln'ilir niiri lin||.\hi nl llu- oliiiiil. 
rjln;villOl'H '111 iv „ i'll II III' llHl’ll In liHlIllillIt' Mil' illi'ijlliu pnrlli'lo-illiHiinloi' lit I In 
jiiil flnlnH iIii{hih il.iul nl Urn iliMlimnn X.liy (|ii*.!»•*«!!t» k!h *r!htM! !»> ('!»*!{!!*<!• .t. 
When y t (tlm lull vnlnully) ('(in lin clnlormlnntl tor llio mnilliin piii'Hole illnmtif «<i', 

IIH (lllllVInnil ll , (i|H |HirH(i|r> " HliM' 1111111.111(111 (lit* Hi mpll Vlllnn III' n n (Hill ltt> ili '1 c» 
mint'll 11*0111 


=fnr- Vf JiviRPl per- wr 
for which valuoii of it. 


' •' cn.no) 

il'ul'l Tlu* vnllu’M nl’ Ii unit ttlhor rlnin, Inr il)T' tinirmitUpiiH 

nro ftvnllnhlp. nro (tlvtm In Tnlilo ts.n. 

'I’ll 1)1.0 (l.i) 


HMMMAHY OH HIH€yi\c;UNr>rac,)NH POH KHTIMATINd Till-: M. KIM AN 
- I . ; PA.U’I'HM'KMAMKTKK ni'IHinNA'I'fll 


, Hhol 

-• if Yield " 

■ ; (icT) - 

IfoIjrlH 
.. of lUirtU 
(foul.) 

h 

’ {fool) 

Typo of 
Hhol. 

Tojilii.. 

- 7 - . 

aon 

.._ 34,000 

Towel* 

Anplo I. 

H 

• non 

- 517,000 

Towi.il* 

Mot' 

• an - 

400 

iin.oiio 

Towtfir - 

Applo 11 

ah 

non 

■- ;ir, non 

Tiiwt’i* 1 

I’I'IhoIIIii 

•/ 

i 70(1 ’ 

IH .000 

Util loon 

UIhIjIb i 

-f 17 

noo._ 

an non 

TflWpl' 

Mhflrtlti 

: : 17 • 

' noo 

34.000 

To Won 

Hnmky 

•11 

700 

// MU ,11(10 

Town* 


l 


Tho viiIiioh or Iho moillnn imrlloln Mlx.i". wllh ri'.M|»o(!l lii !.h,o iliwii-r 
hiil.fnii i*l imHvlty nil I.I10 plli'lloloH, liir two looiiIitjitiH oiioli mi Hlinln Apple II mill 
Kmalty, rtlnnp;‘XvlIlv y lhti jtiimpuiMilnnn-of inr-JttajftjiiTnlilo f>.lo. 'The n„ 

vuhit-'H cnlonlnlnil hy tho iwn iiicMihiIm nrc ncMi-iy'lin- imime. 
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CAI.riJI.ATION OI'’M' f) {••(III HOMK KAI.I.OUT hO<'A'T'lf»NH l-'IIOM 
Hill iTH API'lii 1 ;.11 AND NMtiKY 


HI ml 

X 

(hdtoH) 

" d m 
(ndurnim) 

Vf 

(I'l/wuf) 

o„ X/h 

u> 33,0/v, 

Apple II 

7 ", 



, 0,1)00 

(0,0(10) 


4B 

Igtl . 

0,34 

„ 0,08 - 

. 0,00 - 


,100 

70 

1,110 

14.0 

111,8 

Hmn|ty 

tltg " 

no 

0,04 ,iJ 

■ 31,8 " 

30,4 


aoo 

47 

0,07 

04,0 

.1)3,1 


aim 

• ' ? 


4a.8 - 

(41.3) 


The viiIiion or ftj Riven In Table SI< I 8 (see Chapter 3) are plotted 
O.fl iii a function or i» # value* uom|Juteri“fep use nf h'q, il.ft^llhlJFIit 
lif data fur tho reten tion of fallout by. native plants, la widely spattered | 
however, thd.nonwml trend or tho value* of a, from Individual MhutiR I* lo 
Inemso with Inoronslng f|, u, Part (if the dlfreroncm In the observed variation 
of ft], with cv from one dolnnalllon to another Is undoubtedly due to the fact that 
d|ffereivj.esjn wind spued occurred, Other tiauaefc pTlhe dlffevoneos In the 
variation wlllui- oould he due to difference* In humldilyittoridlUons and In the 
pwlnminanl typo* of lollaRe that were oolleeted for analyses, 

The value* of a, cialpulaled from the dafti of Table a, 10 (see Chapter 
3)-for the foraRc ornps (cdover, alfalfa, wheal, and mixed grasses) are plotted 
-In riRui^-OJlfla a fuiiutlon of 'lho »„ vnluds thill, worn tier remind to an nvowgo 
Wind speed of 15 miles par hour (see Table 0,10), Hlmm Die absolute accuracy 
of the sour (to data I* probably not better than 50 peroent.’n single line was 
drawn through the ploltpd data, neglecting one point, The suggested rup resell- 
talton of fbi’ifl’neae four lb rag« crops- Is therefore given by 

n, ( - 1,1x10”" (/v„ . 0, H)| rv„ * 0,i«| 11 ' (0,0(1) 

The ciomplete ruprosuntatlon of the full ago oontn ml nation iatilor 
oonlnur niiln for evaluation at HU hour is then 


|rc; (i) ■-•^lxlO ll w L K, 2 Ojj i ) 

!r„< I.) l 0.011) ' " 


Thu vtiiuu of r‘C r (i) fnr o n vnliiies lass than I),;i4 is i„ ton to ho soro, 




Flflur* 6.6 

VARIATION OP u, WITH CALCULATED VALUES OF .t fl 



If it in nssumvd that the eurfnue of the clover and wheat 

1’ollage in the flam u»etl on Apple II detonation were higher than the average 
for autih crops, then a range of values of wj, may be suggested. Theee arei 


Red Olover t 

Wheat i 

Alfalfa i 

Mixed Qrusies i 


Wj^ " 5 to as gin, dry plaJf»t/ft“ of Moll Burfioe 
w£ “ 10 to 40 gm, dry plant/ft® of toll eurfaoe 
w L * 10 to sd gm, dry plant/ft" of noil surface 
wl » B to as gm, dry plant/ft* of eoll lurfaoe 


Wide variations in w L from th#s« ranges might ooaur in various sections of 
the country, 


The fraotlon of the total fallout that 1* retained on foliage a an be 
estimated from the produot a^wr, Thus, for a wt, value of 80, ths fraotlon 
retained is i.Bxio‘’ 3 ( a„ - 0.B4), in Table 6,8, the value of cvat ths 1 r/hr at 1 
hr contour farthest downwind from ground sera is 20,11 at this looation, aj W L 
Is then 0,049, or about B percent, and the calculated value of r„(l) Is 0.77, 
Hence, from Eq. 0,87, the value of FC,(1), Is i,8xlO u (fissions on follags/ft 1 
of soil area)/(r/hr at 1 hr). 

Eetlmates of the median also (or also-range) of partloles retained 
on foliage may bo made If the variation with of the median diameter of the 
partloles In ths dsposltsd fsllout Is known, In Figure 0,7 the values of ths 
median diameters of ths fallout lodged on foliage, taken from Table 8,IB, are 
plotted as a function of a», For these data, the median diameter of the fsllout 
partloles on ths foliage increases with t thus, ths medlen diameter of the 
retained fallout lnoreassi as ths median diameter of the dsposltsd fallout 
decreases, 

Clearly this trend In the median diameter of the retained partlaloe 
with (v s oould not continue indefinitely since st some point, when ths diameters 
of ths dsposltsd fallout partloles beooms vary small, all the pavtlolse could be 
retained by ths follsgs, To illustrate this espsot, calculated values of the 
median diameter (% ) for the deposited fallout are alio plotted ae a function of 
i% In Figure 8.7, Extrapolation the linear representation of the data for d» 
of the follage-rstalnsd partloles as a function of a a to ths ourvs for d m bf the 
deposited fallout gives a maximum value of about B7 microns, 

The various functional representations of ths foUsge contamination 
factor oontour ratio, as derived from the data of Romney and o(workers 0 , are 
based on information obtained from nuclear detonations of tower and balloon” 
mounted devices, However, in the treatment of that data the amphaela waa 
plaosd on ths particular mathematical functions that oould be uasd in making 
estimates of internal hazard from fallout produced by lond*surfaa« detonations, 
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ThU application should tiu viilkl for itny oondlllon of (Intonation nIiuio this same 
physical phenomena must be Involved In particle retention by foliage Irrespective 
of the source of the depositing particle*, Wlten more dnl-n become available, 
the proponed ^presentations of Lhe processes can bo allured to bo olthor more 
■peoiflo for different type* of foliage or otherwise more complicated depending 
on the obiervad variation* In the data, 



348 




CIIAPTKH (I HUFKIUSNCWt 


1, Holloa, R.O., and N.K, Ballou, Oaloulntud Abundances of U-SflB 
Flaelon Produote, USNRDtMBfl, JOBfi, 

2, Mlllor, O.F,, and P, Loeb, Ionisation Rale and Photon Pul no Decay 

iif Fission Produsts From the Blow Neutron Fission of ii-arm usismnL- 

TR-247, 1DB8. 

3, Strop*, W.E., Evaluation of Countermeasure Byetom GompfliWnta and 
Operational Prooedurea, Operation Plumbbob W , r-1404« 1»BB. 

4, Miller, C.F., Analyala of Fallout Data, I. The Jangle "S" and "U" 

Shot Fallout PattfNja, U8NRDD-TH*2ao, Dal. tOBD. 

fl, Morgan, K.Z., at al., Report of IORP Committee n on Pormlaatble Doae 
For Internal Radiation (1089), Health Phyeioe, Vol. a (1000), 

6. Romney, E,M,, R,Q. Lindberg, H.A. Hawthorne, B.Q. Byetrom, and 
K,H, Lareon, Health Phyeioe (to be pubUehed), 


340 



MA.IOll NYMIlOliH 


Hymbol 


—A— '! 

A Mass numbar of u nuulldc 

A„ Mffootlvo gross uttonuntlnn laninr for tluoon- 

tumlniuion equipment operator 

A_ Defined by FO r (t)I(t)i In fissions on foliage 

per sq ft of sell area 


Aj, Effective attenuation factor for strootswocpor 

operator from radiation aourooa In tho hopper 

A, Attenuation factor for streotawesper operator 

from surrounding radiation sources 


A r Cloud radioactivity concentration In 

flasiona por cubic foot 

Stem radioactivity concentration in 
fi«* ions por aq ft 

a Nuclear explosion cloud radius at 

0 to 8 minutes after detonation 

a, A) , Decontamination equation constant for absorption 

or a f( intsraotlon (ssuwatsr and slurry type fallout) 

a* Foliage contamination faotori fissions per gram 

of dry foliage divided by fissions per sq ft of soil area 

u« Radius of stem or fireball at the alUtiide, a 

a! (t) Radioactivity of tho l** 1 nuclide ui the time, t, 

after fission-, In dls/seo por fission 




Minin "i I'lmiil iikIiiii. ill I i mi - < >1 
ciu'lli'Hl In I Imil ■ m i‘l l< ■ ti- rleetlrth 


tii Pit 1*1 Inin Hlnu imi’miK’ler, ilul'lnul lim v w /v, 

il 1 ,, Mlxc imi'uini'ti'i'Jnr pimli'li'H from eloud eonler, 

tUTliidliiH X/h 

n 

II (.1) Hallo of I'IhhIoii l.e I,el.ul yield 

(a) Fmmdlluh adsorption equation eontslanl. 
lor olomehtB In slurry type faHnuI 

|j (I) Nuelunr Bxplnfllou oloud huir-LhloknoHH 

at n to H ml mi ten after detenatinn 

(2) HftllO of IVIUHH of nnlldH ..in 

number nf molim of rudluuullvti tdumunl 


0(A) Hallo of iHimlHir of lUHitrnn tJiipiuruH in 

niimbur of. I'lBslons (to form u nuollde of irmss. number A) 

CJ„ (t) lfo11ase croppage rate; In wq fl of foliage 

(dry) emu mimed per flay ' 

C flF Odnoentratlon of fiHBlon produolH lii fallen L 

In melon of flaw inn prnduota per mu of fallout 

O', ’ HitdluulbniunL eoimeiilriHIniiM In liquid plume 

of Mill l' ry type fullnul. 111 me lew per mu' of liquid 

t!„ Hadlof'li'iiicnt ('eneonirulloHH In 

Mouwutor fallout dropH 

(of)I llmllal Ion uonlrilailimi l/uder of nren I 








l) 1 

Mol’ I'Jj, 

Mm' 11,(1) 
MRIVI 


.1(1,11 


A MUM 


I'" 


I).'I lull lull 

III I III * linuptt III (ml Itln In til HIM V (V III ‘ III I li Ilil , 
nr, i >i iiii'i *itl rii I ion ill i’ii i li ■ >1 < ii-i\l 11 in lhi< 

IK) I ill I HI ill) III I ll III! jllll'Iil'Il'H, III ■ 11111 (> M 

I»i• I* mu iii fitil11 Ih 

M 

l’liiiiiiliiu illiiiii nr ii Ilnwniit!i liiH(<: In I'luinluniiH 

PnUniflnl nxpnmiru dorm, ubuilII.v lUjI'Inutl pir 
Inoidlon ill .'I I'nnl iilmvn tin oxlcmded 
,|ilimn MOliron til' nidlnilnllvll.v . 

Jimli'iinionL ronponeo I'notur 

Done-rate, or loniaiUloii rliRi,.multiplier; 
defined ns D/rU) 

(1) I’urUnlo dlitmulnr 

(a) UtmNll.y of woIUIm In huiiweUo r I'nH’nui, 

Oml or deplli (MolIn) 

Apparent urtiLor doplh (wider) 

Modlun dlnmnlor of I'nllbul. pni'l.loleM 

WiiLtjr doplh ifhiirhoi' doloruUlon). 

Omler depth In Ivvrlior lioUonv 

Doiiuy-norrMolloi) I'nnlor (to Htnndiml llmo 
uf lor del mill Mon, IIH) 

--A-- 

IJII la ruuon In IJUM 
MImmooIiiIIoii Miuii'ity 
Ohiinno in him run I nnorny 

(ShnnH'n in uliiiidnril Iron tmni'KV 
of c.lii'iiiIon! ronolMiilH 







Definition 


Hytnlm l 

4 II v lloul of viiimi'lMiilInn 

ti liutlo of oriilur depth I’m' aurfuue (Ifitonutlcm(N) 

to orator depth I'm' ilotnnaMnn(a) at other depthe 
or ha Ik htii of burnt 

IS¬ 
IS -i (l) Energy, of photon*, eta, 

(a) Decontamination method effort, 

or energy expanded | In man- or equipment- 
houra per unit (trail 

t n Mfl'lciUmuy coefficient for (acme) decontamina¬ 

tion mothodm In fixation of'fallout maaa 
removed per cyole 

—P— 

F, Fj Deoontamtnutlpn ratio, or fraction of fallout, 

or F,j ot\qf a radloeiement In fallout, remaining 

... after decontamination i 

FC r (t); Foltage-oorilnmlnatlnn factor contour rntloi 

in flailon* on folUge/aq ft of noil area 
per r/hr at time, t, after detonation 

FD Fraotlon of device per unit area 

FD, (t) Fraotlon of device contour ratloi In (r/hr)" 1 / 

- ' .. .. •' - il 

_ _ . Jf 

F m ;; Fraotlon of ma*i of fallout remaining 
after decontamination 

F p Fraotlon of lonleatton remaining 

after decontamination 

FP tf Amount of liiKaatad nuclide* on parUalen 

paeelng through digestive tract (gut), 
in moles or flaalon produota per day or dta/eeo per clay 

Flealon product oontour ratioi 
In moloe of fleaton produote/aq ft per r/hr 
ui time, I , alter detonation 


xxll 


FP r (l) 





Symbol 

f,| w 

Dntlnltlcm 

Total maea ni' aollda and liquid* 

por unit of yiold for harbor-detonation fallout 

m 

Ideal (or unfraotlonated) Inverne apealflo 
activity of land-type fallouti in mg/fleeion 

I'm 

Ideal (or unfraotlonated) inverie apeolflo 
aotivliy Of seawater fallout; in ma/flseloii 

<t> or </ 

Fallout modal aoahng parameter 
for computing itandard lntenaltles 

. «Q- 

Q« 

Gonatant for referenced free energy change 

y 

iurfaae t«n»ion of drop of liquid 


—H— 

h 

(1) Altitude of center of cloud 

at 0 to 8 minutea after detonation 

(9) Depth or height of burat 

Tft) 

Standard tntonilty; otaaerved ionlaatlon rata 
daoay-oorraotad lo H+i| In r/hr at 1 hr, at 
a (aat abova an opan, uniformly eontaminatad, flald 

W 

Air loniaation ratal In r/hr at time, t, 
aftar detonation 

l i 

The Initially deposited amount of an elamant 

In tha liquid phase of ilurry fallduti In molaa par aq ft 

1* 

Initial maaa laval of fallout depoatti 

In gm/aq ft 


I B Source Intensity of a contain Inated aurfaoa 
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Symbol Definition 

Uri “to- lonlKttilon rate, rudlutlnn Intensity, or othor 

representation of tho Initial fallout depuslt level 

I Number of moles of a given element In 

a drop of seawater fallout 


K or k 


«!| 


K„ 

K,,K (I K, 

K n 

K(l),K ft (t> 


K(H) 

K AB 

K I 


***!» 


—K-- 

Deoontamlnatloii equation parameter for seawater 
type fallouti In C-Level units 

Decontamination patwieter for. aaoJaiw" 

fttllouti In mg/aq ft 

Decontamination parameter for eeaWater 
fallout) In r/hr at t hr j 

Thermodynamic equilibria oonatanta and/or 
eolubillty products 

Varloui equation oonatanta* for 
n * 1,8,3, etc, 

Yield distribution contour ratio, 

same unit* a« Kft)0(l)i In r/hr per flaelon/ 

»q ft or in r/hr par K/aq ml 

Efficiency ooefflolent, wet dooonteminatlon methode 

Equilibrium constant for formation of 
compound designated AB 

Equilibrium eonaUnt for exchange reaction 
of an element 

Equilibrium, or dliRoalatloitj, oonetant 
In terms of partial pressures 

Mae* "uorceotlon factor (surface detonation) 

Fallout model aualing ayatem parameter 
Henry'a law constant 

Mixing coefficient for the Insoluble elements with 
the soil particles In alurry type fallout 
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Bymbol Definition 

k, Cloud (if firabnll ntUi-nf-rlau 

aquation constant 

—L— 

L* Relative partial molar heat content of 

element in gas phase 

Lj Relative partial molar huat content of element 

tn liquid phase 

-*X— 

X N Nuolear-eoaled depthi defined by h/wVft 

where h Is in feet and W la in kllotona 

-M- 

M (1) Moleoular weight 

(8) Maas of fallout particles remaining 
after decontamination i in gm/«q ft, 

M$(t) Mass contour ratioi tn mg/sq ft per r/tyr at 

time, t, after detonation (for the fallout from 
a detonation at a nuclear scaled depth of X^) 

M* Maes of parttolea remaining after decontamination 

after expending an excel* of energy 
(i.e., infinite effort) 

—M - 

M A Kleln-Niehlne absorption coefficient for air 

M t Compton abeorptton or icattering coefficient 

-N- ’ 

NJl "Zero time" number of atom»/sq ft of 

radionuclide of maae number A 

Nj Mole fraction of element J in liquid phase 

N" Mole fraction of gaseous species of element J 

in vapor phaee 
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Symbol 

Definition 


Nj (A,t) 

Number of atom* of element ,1 of maae 
chain A per Iff* llsHlnmn 


b fn 

Number of atame or mole* of flexion produce ■ 
per unit area 


>? 

Number of males of element, ,| In gas phase 

1 ■ 
a,. 

n, 

Number of molee of elnment J oondenaed on or Into 
liquid anil particle eurfaoee 


n^,p) 

Number of molee of melted oarrler 
in surface layer of particle 


MP) 

Total number of molee of carrier 

In particle 

r - 

m 

Molee of liquid carrier . - .. ... 


% 

Number of partlulee having sis* parameter a 
per unit volume of cloud 


1 ‘*r 

Total number of molen of gas molecules 

In fireball 



p ■ ; ■■ : j 


P 

(l) Total preeeure, in etmoiphere • 

> ' ' 


(9) Kinetic power of a water etream ■ j 

... 7 .. " 

P, 

Initial preeeurei in atmosphere 1 


Pi 

Ionisation rite weighting factor - * 

for radlonuolldae of element J 


, pp, 

System protection factor 


p 

(1) Overpreeeure, In pal 



(3) Preeeure, over the surface of 
a drop of liquid 
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Symbol 

I’J 

I 1 ) 

p„ 

Q 

Q. 

tin 


no niitu oii 

Partial pressure «l' element ,| 
over liquid phase 

Huldlmnllon pressure of element j 
Vapor pressure nf carrier maturlal 
--Q— 

Water-flow rnlti through noB«l« 
Knergy In blast wave 
flnergy In fireball 
Terrain attenuation factor 
--R-r 


rt 


.»*■ 


n,(r) 


n P <t) 


or r^d) 


Molar Boltsman, or gas, oonatant 

Remaining man of fallout partlolea after decon¬ 
tamination, for Infinite effort and a high Initial 
level fallout depoalti in mg/aq ft 

Remaining muss of fallout particles after 
decontamination, for Infinite effort and a 
low or intermediate Initial level fallout 
dopoaiti in mg/eq ft 

Reeidual Humbert ratio of exposure does with 
a radiological countermeasure to the potential 
exposure dose (!.«., without a radlolofloal oountermeaaure) 

Ionisation rate remaining after decon¬ 
tamination, for a contact time of ri j 

lnr/hr at l hr 

Ionisation rate at tlmu, t, after detonation 
(and after decontamination) 

Fireball radlua 

Gross fleiion-produot tonlsatlon-rate 
fractionation number at H+i 


r )A ((v) Fraction of a nuclide of element } and maee 

J number A that la condensed or, particles, 

or particle groups, designated by o’ 
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Symbol 


l'n (A) 


r^A) or 
rf(A) 


S 


S B 

S(t) 



I MIn l t lun 

Maximum IIi-ulmII rmlltiH 

Fraction of an olaimmt of max* chain A 
condensed into liquid particle* at the 
time that they eolldlfyi a 
fractionation number 

Fraction of an element of mass chain A 
condensed on the aui'fanei of solid parllolesi 
a fractionation number 

Same a« r„(A) and r{f(A), respectively, / 
for a radionuclide designated by ) j 

rho) 

Penalty of liquid (or solids) 


8olld-to-llqutd mass ratio 

Solubility of an element or nuolldo 
In 0.1 normal MCI 

5olld-to-llquld ratio weighting factor 

Fraction of gross amount of radioactivity 
that is soluble In 0.1 normal HOI at thine, t, 
after detonation 

-T-» 

Absoluts temperature In degrees Kelvin 

Fallout arrival timet time after detonation 

Fallout oeoeatlon timet time after detonation 

Time of entry Into a-contaminated spent 
time after detonation 

Decontamination starling llmei 
time after detonation 
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IMInllli 


V 

Vo 




W 


L 


Time, In thiya, ni‘ unnint'l nf ('nllmil 
with a wn'futi.P 

■ - V ■■ j 

Klfuball (or cloud) gae volume 

(1) Original volume of lumLoil ulr moloaujoe 

, f (In fireball) 1 

(2) Initial liquid volume of ii drop 
(seawater fallout) 

Fireball volume at eeoond temperature maximum 

Volume of harbor-bottom orator 

Wind veloultyi a vector quantity for a 
particle group from Its point of origin In the cloud 
to lie location on llio ground surface 

Terminal fall-velocity vector of a parllola 
or particle group 

Particle fall"rule equation constant 


Total weapon explosive yield; In kUntune 
(of TNT) 

Foil ago surface density t In grume of dry 
fo|l.{igo per *q I'l of land area 

Particle fall-rato equation cone taut 
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Downwind dint.iiturn from ground /.urn 
A dtHlnnon or (inordinate vurlublo 
Distance! between.tiweupor operator and hoppnr 

--Y-- 

Ohaln flHHlon yield of mime number At 
In atoms or moles par fission 

IInIf -width of *torr. fallout pattern to tho 
1 r/hr at l hr contour 

Mama surface density of fallout particles 
(identical with for land-tyne fallout) \ 

In mg per nq ft 

Number of atom* per fission of o loin out J 
(ull mass numbers) at time i t', after flHHlon 

Fractional chain ylolcli In ulbms per fission 


' . / 

' ■ ■ ■■ ii 

Altitude coordinate! apparent altitude of / 
fallout particle origins 

Parameter defining cloud anti par tide / I 


rate-of-rlae function! upper limit Is h-b 

Characteristic ullltuilo at which flral 
largo particles fall away from 
rising firebnll or blmjrl 



INDEX 


Abriam, J.O., 33 
Absorption, energy, 5, 50, 114 
Accumulated dosage, 387, 371, 847- 
840 

Action*, defense, hoc Counter¬ 
measures 

Aotlv* oountsrmsasurs*, gee Method* 
Activity, see Radioactivity 
thermodynamic, 188, 4oo-4u7 
Adame, C.E,, 99, 31, 36, 41, 181, 

488 

Adaorptlon, partial* 

ahemleorptlon, ih Ghemiaal 
systems 
curve*, 306 

equation variables, 433 
equilibrium, 304, 401 
IntoraotlonSi **# Surfaces 
isotherm, 304 

prose**, 50, 80, 114, 383; ace 
alio Method* reaction*, see 
Chemical *y*temi, fallout 
AFOIN, 398, 394 
Affected area, 
perimeter, 384 
Agglomeration, *ee Particles 
Agricultural area, 
decontamination, 808 
Air 

burat, 4, 74, 114, 130, 380 
circulation, 319 
concentration, 933 
see Ionisation 
velocity, 318 
ventilation, see Shelter* 

Air Jet*, 

high pressure, 484 


Alfalfa, 87, 343 

Allowed do*n, *ee Planning factor* 
Alamogordo, N.M., 1 
Albtte, 18B 

Aloook, C.B., 180. 183 
Alexander, L.T., 38 
Alpha partlolea, 72, 84 
Altitude, rob Cloud 
Ambrose day, 4*8, 004 
Anderson, A.D., 201, 809, 813, 314, 
993, 999 

Animili, see Hanard 
Anorthoolaaa, 130 
Applo Shot, 78, 84, 01, 340 
Applies ble counts r measures, see 
Planning factor* 

Applied effort, ate Planning faotor* 
Areafe), 

affected, 304,.847-840 
boundary, 381-384 
characteristic, 353 
clean, 383 
Damaged, 988 

decontamination, covaraga rate, 
383-471,478,478 
disposal, 478, 804 
expelled, 78-74,897 
Free, 389 
groaa, 888 

Identification, 384-386 
land-, see Surfaces 
lawn-, BOO 
major, 354 
paved, 486, 870 
perimeter, 381-358 
protective, 807 


XXX l 



INDEX 


At'on(i), (Onnt.) 

Rticiop, ana 
residential, QB4-OBO 
roof, 400 
rural, 087 
source, 888 
staging, 863-387 
ho© Surfacoa 
target, 843 

: teat, boo Field teats 
unaffected, alia 
unpaved i 887 
Aaphalt, see Surfaoea 
Attack, nuclear War, 368-088 
Attenuation, exposure 

aeo Shelter, Shielding, Terrain 


• ■ • ,, ■ -• v ■ \ 

Backyard contrlbu,tiona, aee Radio¬ 
activity 

Badger, FJ,, 400 
Baker Shot, Bikini, 388, 40B 
Bui loon-mounted device!, 78-77, 81, 
1197, 384-307 

Ballou, N.B3,, 17, 33, SO, 00, 100, 176, 
ISO, 880, 300, 347, 400 
Band, Red, 306 
Batten, D.R,, 303 
Batten, 1,1,, 886 
Bellamy, A,W„ 78 
Bolt, dray, 380 
Barkowlta, J,, 168 
Beta decay, 13, 00,78,81 
Bigger, (Molumphy and), 400 
Bikini Atoll, 40, 036, 400' 

Biological effect!, aee Harard 
Biological elimination period, 378, 
370 

Blologioal ayatema, aee Haaard 

Biosphere, 304 
Blrefrlngenoe, 71 


Blaokbotly conditions, 188 
Black /-ono, noa, nos, iiea 
Blade Angle, 006 

Blast, 

damage, 300 
protection, 384 
wave, 114, 31B, 301, 308 
Blume, J.M., 38 
Bolling point, 164 
Bollea, R C , 17, 88, 80, 168, 176, 
-483,333,309, 347,400,400 
Bomb 

"clean", 87,101 
component!, 407 
structure, 3, 466 
warhead, *ee Yield, weapon 
Bone, affacta on, 78 
Bottom harbor, 384, BBT "" 
Bravo, Shot, aee Shot 
Breakaway time, 117,118, 180 
Brewer, l,, 189, 163 
Broom, rotary, 800 
Broomed concrete, 489 
Bruehing, 388 ( 

Bucket eoraper, 809 , 

, Building, \ 

aurfaoe, 408, 408, 499 
Buildings, 

houses, 490 
Buildings, 
small, 490 

Bulldoaar, aee Method(a) 
Bunohgraaa, aee Foliage, 8? 
Bunney, L,R,, 88 
Burns, K.P., 109,163 
Bunt 

Sir, 4, 76, 389, 360 
hypothetical, 390 
land-surface, 388 
multiple, 008 
near-surface, 388 
single, BOB 
yield, aua 
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Huahmiillaw, 87 
Buster, Operation, I. 

Byatrom, B.O., 78, 76, 81 

-- 0 — 

Callahan, fci,D, ( aoa 

Camp Parka, 80, 801, 678, 890, 897 
Camp Stonoman, 470, 48S, 480 
Capabilities of Atomic Weapon*, 903 
Carr, W.J., 408 
Carrier, fallout 

material*, 3, 18, 69, 98, 106-110 
matrix, 393 
propertloa, 380 
sea water, 408 
aurfaoe tenilon, 119 
total, 409-407 
Caatle, Operation, 1,78 
Chain*, ma«a,8-17, 03, 106-109, 148 
166,214, 806,337,380,414-418, 
490 

Ohandraaekharaiah, M,S., 189,168 
Charga-diatrlbutlon curve*, 98 
Chemical ayfitem*, fallout 
additive*, 389, 407 
*•» Adaorptlon 
ues&y, radiochemical, 17,80 
ohamUorptlon, 888, 401 
contact time, 407 

contamination prooeae, 89, 79, 10, 
417 

interaction*, 10, 48, 82, 72, 80-98, 
, 97-188,189,108, 849-861, 
878=800, 398, 409, 417, 498, 
489, 448, 400, 488 1 see also 
Methoda, Surfaoea 
oxide matrix, 393 
parameters, 888 
polymerisation, 189 
radloohamtoal atandarda, 16 
reactions, 378-890, 399. 499-404 


Ohemloal systems, fallout (Coni,) 
refsrenoe nuclide, 03 
slurry, 417-460 
solubility interaction*, 76-99, 

113, 340, 401-403 
Chilton. A.11., HP/!, 890 
Chupk*, W,A,, 189, 163 
Civil defense, 
information, 378 
operation*, 388, 303 
option*, 880 
organisation, 383, HAS 
planning, see Planning 
Clark, D,C„ 811 
Clark, D,B„ 099 
Clay soil, 406, 804 
Clash ares, boo, 807 
C Ivan -up operations, 367 
"Clean" weapon, 97, 101 
Cleaning agent, Orvu», 496 
O-Level unit, 400 
Clothtng, crew, 80, 806, 4BH 
Cloud, fireball 

altitude, 164, 206, 015*818, 908- 
044,994 Y 

atmosphere effect*, 117-181, 
879-888 

ohemiatry, 10, 99, 808, 489, 464 
expansion, energy, 818 
formation, 10, 201-881, 804 
internal pressure, ISiB 
modal parameters, 118,1B0-13B, 
146-148, 297 
radiua, 208, 880, 804 
rise rata, 818, 612 
aise, 18, 806, 8S7, 301 
stem altitudes, 888, 806 
atem configuration, 808 
atam geometry, 819, 998, 897 
■ubllmation pressure, 88,109, 306 
•ur facie, 149, 188 
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Cloud, fireball (Gout.) 

temperature (a), see modal 
parameter 

volume, 18, 01, 100, ,134, 141, 

9Q«, 304 

Clover, see Foliage 
Coagulation proooss, 48 
Cole, H„ 332, 368, 301, 400, 408, 

409, 411, 414, 430, 424, 438, 433 
Collection, see Fallout 
Colloidal partiolea, sea Chemical 
system interactions 
Completing agent, EDTA, 407, 420 
Compounds 

chemical, 10, 99, 308 
final, 429 

Computations ^ _ _._ 

computer, 2GIMU 
Illustrative, 283, 3,08, 814 
manual, 204, 210, ill, 213 
isee Planning factors 
Concrete aurfaoai, 414, 488 - 
Condensation aquilibrium, 22,102 
Condensation prooaaa, aaa Partlolea 
Contact time, 407 

Contamination process, see Chemical 
■ystsma, fallout 
Contamination reduction, sae 
Planning fadtora 
Contour, 
see Fallout 
ground aero, 337 
Idealised, 393 

liointeyity, 9, 227, 241, 388, 

297, 327. 349 
mass, see Fallout 
ratio, 10, 88, 100, 164, 207. 228, 
241, 301, 318, 324, 332, 838, 
349 

ridge, 230, 243 
standard, 235 

Conventional fluaher, 494, 498, 499 


Coral, 31-98, 189, 284 
Corrosion, 382 
Coryell, €3,13,, 17 
Cost-elTfeotlvBneBB, 470 
Coughlin, J.P., 189, 103 
Countermeasures 

action options, 393, 880 
actions, 395, 372, 520 
active, 380, 394 
applicable, 351 
baste concepts, 513 
communication, 398 t 

composition, 381 
oost-effectiveness, 470 
oraws, 394, 473, 488-490, 881-899 
ass Decontamination 
defense actions, see Planning 
factors 
dastgn, 352 

dispersal, Ml, 362-898 
distance effects; see Wind 
distribution, 368 
see Effectiveness 
equipment, see Methods 
evacuation, 381, 362, 368 
see Fallout 
feasibility, 204, 598 
see Hassrd 
major, 383-888 
objectives, 361, 371 
ops rational use, 332 
organisation, 383 
passive, see Shelters 
see Planning factors 
population distribution. 388 
preventive, 300, 362, 848 
priority, 358, 397-399 
problem!, 398 
protective, B4V-84P 
receptive, 351 

recovery, 388-378, 829, 547-899 
repair, 399 
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Countormaaaurea (Cent,) 
reioue, 360 
moo Shelter* 
eon Shielding 
npeolfioation, 840-870 
supplies, SOX, 383, 363, 336 
system analysis, 030 
■yatem development, 350 
teem*, 363 

work times, bob Time 
Crater(e) 
depth 

materials, 14, 31, 114, IBS, 303, 333 
radius, 183 
■Oil, 417 

Crew, nee Decontamination, aee 

Method! ■ *■_, 

Criteria, planning dose, 470 
Crooks, R.N., 108 
Croaaroad!, Operation, 1 
Croaiwind 
direction, 388 
dtatanoe, 3S0 
ihaar, aee Wind shear 
Crystals, 
hydrated, 001 
salt, 894, 308 
Curie unite, 81 
CWftii, H.B., 470, 488, 811 
Curve (e) 

adsorption, SOS ,, 

assumed dsoay, 9, 88, 80, 990, 

318, 380, 380, 818 
average dsoay, 814 
calibration, 73, 416 
charge distribution, 38 
correction, 108-110, 187, 831, 334, 
382 

decay rate, 88, 330, 386, 410, 813, 
834 

delivery, 380, 388-366, 478, 847 


Ourve(a) (Cent,) 
distribution, 384 
DRM, 514 
efficiency, 841 

intensity, 377 1 see Radioactivity 
Ionisation, ace 
rate-time, 813 
rafersnoe, 183 

temperature, 117, 131, 180, 148 
yield, 18, 83, 143 
Cycle, equipment, 
area oovsraga, 803 
crew expoauro, 370 
overlaps, 478 
paes-Width, 47H, 304 
ratio, decontamination, 474 
speed, 473, 499, 80(1 

-D- 

Damage, 

biological, 386 
phyiloa), 384, 381 
property, 383, 368 
Damaged area, BOB, BBS, 383, 370 
Daoay 

correction, 100, 110, 187, 331, 883 
curve, aee Curvaa 
eat Ionisation , 
ratilonotlvo, see Hadioaetlvlty 
rate, eeo tiurvee 

Debris, non-fallout, 86, 369 I 
Decay, "normal", see Curves 
Decontaminated area 
as protection, 807 
entry time, minimum, 837 
Decontamination 
active, 370 
ogenta, 407-412 
Rgrloulturnl, 80B 
nnalyalu, 500 
nrea, 471-430,498-804 
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Decontamination (Cont.) 
building ground*, 309 
building surfaces, 406 
ooiwtants, 41 o 
costs, 470 

see Otnmtermeftsurei 
Cfiny. 1)04, 478, 480. 502,3:13, 

939, 351-5B» 

oritioal parameters, 451 -470 
RffpotlvenoBS, ,'152, 803, 410, 431, 
471, 480, 308, 330, 572-390 
efficiency, see Method 
aquation oonatanta, 384, 403, 494, 
494, 498, Bas¬ 
is* Equipment 

equipment cycles, 472, 488, 300, 

■IB Pill ' / ' 

experiment*!, 481, 485, 480, 400, 
377 

feasibility, 204, 39B '. P . ' 

see Field teats 
see Harbor 

Haaard, see Don, exposure 
Ion changes In, 3B3 
land area, a«s Soil 
manual, 494 

man fraction* remaining, 450 
aea Methoda 
objectlv*a, 10, 84, 371 
paved irea, see Surfaces 
planning, eoe Planning factora 
prooadiirea, 382, 472, 489, 496 
fates, aea Method, Efficiency 
removal, aee Fallout 
reeldentlal area, 334-890 
aee Realdual number 
scheduling, 489 
see Seawater fallout 
aerial methoda, uie, 308 
■oil, coral, aee Fallout 
solubility, 401 
start time, 333, 333 


son Hurfnoo* 

time*, aoo Method, rfifflolonuv 
vortical aurfaooa, 480 
wnatc disposal, 375, 304, 308 
water washing, ace Method 
wet method, 382, 472, 495 
work limes, naa, non, 3oa 
Decontamination solution, 401 
Defense actions, see Countermeasures 
Defense Plnnnlng, see Planning 
Dehydration, 382 
DaMarla, G,, 139, 183 
Density, see Particles 
Density, liquid, 112, 303 
Deposit level, see Fallout 
Deposition, see Fallout 
Deiert surface. 481) 

Design, countermeasure system, 361 
Deaignator, particle, 
median diameter, 341 
Deilred dose, aoo Planning dose 
Desorption rate, 391, 306 
Detector, see Instrument* 

Detergent!, 389 
Detonation effect*, 

blast, 16, 114, 118, 318, 39V350, 
360-388 

cumulative, 334 
aee Crater 
aee Harbor 
land-aurfaoe, see Soil 
magnitude, 15, Bfl-72, 114, 227, 
304-324, 337 

materials, see Yield, weapon 
multiple, 352, 380-388 
Overpressure, 118, 380, 368 
point, 381, 417 

ass water surface, 49, 93-71, 
330-330, 409 
thermal, 386 
underground, 485 
see Yield 
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Dholtj, l'I., 406 

Dio bio, Shot, see Shot, HO, 01 
Dlnmolur, 

HHO Clntld, 

Pnrllolo 

DIsboI equipment, 508 
Differential coefficient, 478, 484 
Differentiation of fallout n 
Diffraction, 81, 48, 71 
Diffusion, 36, 113, 306 
Diffusion process, 118 
Digestive tract, 337 
Dilution, 48, 68 
Direct Intake, see Fallout 
Discs, see Particles 
Discing, sec Soil 
Disintegration multipliers, see 
Radioactivity 
Dispersal, 881, 362, 368 
Disposal area, 875, 504 
Dissociation, 118, 119, 120, 126, 185, 
187,180 

Distance, effect on location, 
see Wind, Oountermessure 

Distribution, v 

energy, 201, agO:’, 402 
equilibrium, 120, 400 
fractional inasit, aoa-aos 
NRDD, 81? 
population, 1160 
RAND, 387 

relative, mud-sea water, 427 
particle slue, <064 
smearing of, 383 
Dolan, P.T., 170 
Donovan, D,K., 681, 80U 
Dose, exposure 

accumulated, 057, 072, 547-549, 
578 

allotted,"allowed", 380, 470, 480, 
621, 628 


Hobo, exposure (Cold.) 

biological, boo I la/, a i’ll, 16, 46, 

73, 86-114, 164, 202,837-354, 
804 436, 460, 603, 832-684, 655, 
571,581 

crow, 551, 570-500 

critical, 308, 400, 513-616 
decontamination orow, 364, 473, 
480,581-500 

"desired", 353, 470, 4B0, 614, 522, 
528, 532, 544 
oaHy, 356, 548 , 
incremental, 38?, 372 , 548 , 578 
Infinity, 350, 308, 620 
lethal, 368, 460,; 
levels, 355, 540 
, limit, 470 
maximum, 364, 528 
motor equipment operator, 586 
observed, 387 

planning, see Planning factors 
potential, 6, 384, 300, 521, 528 
properly, 364 - 

rate, see Curve, decay 
ratio, RN, 514-544 
rsduotion. 581 
reoslvod, Ofl, 218, 591 
Dose Hate Multiplier (DRM), 513-544 
Downwind location, see Wind 
Drainage systems, 370«. 193, 480 
available, 630 
pH, 480 
storm, 6110 
surface, 476, 480 

mm. dose rate multiplier, 613-544 
Drowart. J., 159, 163 
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disposal, 378, 504 
distribution, 7, 32,73, 78, 104, 100 
201, 251-272, 313, 324-341, 
380,427,471,480-400 
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Fireball, lee Cloud 
Fireball, formation prcoe**, 15,30, 
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Fuller, R.K.i 78, 408, 409, 414 
Fuel consumption, 1108 
Fuel requirements, 
equipment, 008 
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counter measure, 802 
ENW scaling, 130, 328 
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process, 13, 108 
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Geometry. souros, iUri Inactivity 
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308, 378, 389, 469, 047-049 
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Leo, K„ 470, 473, 47\«, 4B3, 000 , 

Oil, 088, 640 / ' 
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PnrllcMs), fallout (ftont.) 
colloidal, 11012, 407 
condensation, 00-102, 1)10, 01112 , 

417. ni4 

oorwl, HI-08, 1H0, 284 
crystalline, 41-40, 71-08, iBfl, 

082-301 

density, 38, 81, 118, 218, 301, 370- 
385, 301, 414, 472, 483, 547 
depth, surface layer, 113, 391 
designator, 238 
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fall time, 220-230, 337 
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form, 393 
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fraction remainingi 385, 415-420, 
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158, 379-388, 417 
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, aoa, 380, 495 
groups, 223, 251, 305, 380 
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hygroscopic, 388-397 
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metal oxides, 112 

boo Mixture 

molar concentration , 400 
nnnreaottvci 495 
prewottod, 887, 401, 498 * 

purity. 49 . \ . . ; 

remaining, 301, 471, 485-488,491 
removal, 380, 470-477, 481 
removal methods, atm Methods 
residual, 471, 490 
retention, 7,'81-88, 340, 391, 401, 
471-491 

saturation level, 489 ” ■ 

silicates, as, 38, 45, 00, 113, IMMuR 
sintered, sop fused, glassy 
slxe, 28, 38, 45, 48, 53, 75, 111, 

IBB, 208, 28!), 304, !)!)0. 384, 
t, 471,481 
sUe distribution, 384 
SUo offooti, 483, 485 i 
slurry, 499 
smearing, 381-385 
Holul, 3, 14, 28, 35, 45, 72-78, 07- 
108, 150, 301, 330 
solid phase, ox, 425 
soluble cry sin I, 302, 401 
source, see Hndloftotlvlty 
spherical, 30-38, 59-50, 08-112, 

283, 380 

alruulitre, 28, 48, 71 
surface density, 384, 404, 472 
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I’n rli<>lft<N>, I ii 1 lout (Coni.) 
tagged, 4Bfl 

thlr, section ana lye la, 7.1 
trnnaport, 403, 470 : 

triivcl dlptanoo, 401,4 bii 
unmoltod, 417 

vaporisation, 3-43, 7fl-l»8, U4- 
133, 100, 281, 300, 303 
velocity, 40, 204, 218, 333, 238, 
287, 205, 340 ■ 

void*, 30, 38 
volume, aolkl phaan, 481 
Pnaa, cjeooutamlnatlon, 

■ flspoauro, 870 . 

method-, 478, 878, b«j« 4^018 
multiple, 485, 504 
■pond, 478, 481 

Pa**tve oountormoastiroa, nop 
S helter*, PI ami Inn factor* 

Pattern, |aolntco»lty • 1: 

center, 217, 230 

contour, 227?24.l, 232-850, 290- 
1100 , 981-880, B49 
Idealised, 247, 253 
variation, 471 

Paved Burfam* decnntiimlnatinn, 486, 
(170 > 

Pay-loador, fl<;6 
Perkina, J,F/, 01 
Peataner, J.F., 400, 414 
Petrography, 28, 01, 00, 71 
Pettljohn, F,J„ 31 
Phaae, attack, 308 
Phenomena, detonation, 350-508 
Plok-up method, 478 
Pick-up truck, nos 
Pile-up method, 473. 475, 583 
Pit, drainage, 480, n<>4 
Planning, oountermeasuro, see 
Planning factor* 

Planning dote, criteria, 470 
Planning factors, 


Plhnnlng factors, (Cunt.) 

"ancnptnhlo" dopo loved, 470, 480 
action options, 352-354, 303, 307- 
381,513, 547, 57(1 
afl'onlwl nrnas, 353-303, 305 
allotted doBO, 350, 470, 489, 514, 
521,528,532,544 
hppllod effort, 470-471 
applicable countormoaauro*, 387, 
354,417,532 

attenuation, ahloldlng, 81, 180-100 
322-304, 378 
:: buret altitude, 210-237 
calculations, 30, 67. 117, 180, 303- 
211., 310, 250, 395, 330, 470, 

48»i'514., '588, 398, 532, 544 ,. 
oontamlimtlpn, Bdo.'#qrfac8tt< 
Methods, Chernioa I; ayatjum* 
'oontatmlnatiph voduction, 927, 954 , 

■ 417, 470, 09? '.. 
oonvereion data, 8i, (tfy'lljtf, 188,' 
821 

00 a t -effootl V8»piia : , 470 
orew aaaembly , 538 ' ... 
crew, maximum expoaure, 532-835, 1 
; 551-078 -. 1( 

crltarta, 470 ■ 

decay rate, fallout, 50, SO, 109, 107, 
821, 229,318, 339, 332, 380-880, 
510 

decontaminated area, 537,383.7 
decontamination method analypia, ■ 
386 

. "dealred" tioae, 470 
dose rote', as? tiaaard 
dope roetr.ioii.ou,.470, 521, 534 
ace filffectlveneua 
«oe Efficiency 
.*00 Entry time 
*cc.Environmental effect* 
eoo Equipment 

exploalon phenomena, 13, 27, 85, 
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Planning factor*, (Cont,) 
expoauro done, aee Mararrl 
»oe Fallout) aen also, Particle*, 
Radioactivity 

"• feftBlhillty, oountermaaauru, 304 , 
fiOR, Biso Chemicm! systems 
harbprJclotonatlQn, 837 - 417 , fed 
alao Slurry 

inatrument rerponaa, 188 , 198 , 
221 , 3241 «*a alao Inatrumenfca 
iontatlon rate, aee Gurvau 
land-area datonatlon, hi Stoll, 
Hurfaoea, Mathoda 
luuttlioh, Wind 
maa* correction, 324 
minimum (shelter a toy, 824 ; bob 
alao Shelter*, Planning 
meteorological affect*, 79 - 84 , 

BO? 380 - 883 ) aaa alao Wind 
operational ectlmatea, 489 
operational parametarB, Ofla 
organtaation programi 888 
preventive maaauraa, 880 
priority, notion, 858 , 8 « 7 v M 9 
protection a*peot«, 988 , 070 , 

488 , 047-049 : 

; "R" factor, 18 , Ul, 188 
reoovery faaalblllty, 888 , 887 , 

'■ B98 ; ',v-. '.v:. - - -' v :l w . . 

recoverable faollittea, 383-388 
' repair operatlorje, 80 ? v 

roijuirwm»htB, 4 / 0 - 548 -S 4 t, 836 
Rohedulea, 409 , 847 ' 

shelter exit time. aeb Shelter* 

. aee Shielding 
aurvlval aotionc, iiflfl, 371 
target area*, 847 
temperature effeota, 117 - 131 , 

139 , 148 , 388 

terrain, 108 , 18 B, 198 , 231 , 322 - 
328 

training program, 800 


Plowing mothod, 80, 808 
PiumbNib, Operation, "8, 483, 307, 
'001 

Point-location apalyale, 348 
Polymer,laation, 1.80 
pnpuia^nn distribution, see 
Countermoaaura* 

Pooler, lV,Jr,,393,2»9 
Poppoff, I.Q., 28, 91, 202 
Portable aurvey meter, aoe 
Inetrumenta 
Porter, R.F,, 1*3 
Portland cement, 480 
Potential d«a«, 
definition, 0, 804 
Precipitate, fallout. 401 
Present, 17, 188 
Pressure, aee Cloud, lobtastlon, 
Radioactivity 

Preventive countermeasure, sec 
planning factor* 

- Prisotila/Ohot, 91 
Properties, fallout, aee Fallout 
Property damage, 888. 880 
Protection factor, system, 880, 870 
Protection requirement!, aee 
Ptannlng faotors 
Poetattack period, aofli are alao 
Planning factors 
Pugh, G,l„ 208, 807, 204, 292. 
Pump, firehoalng, 400 

--Q— 

Quantity, 

ire Fallout 

•ea Partlclaa(a) 
aee Radioactivity 
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jiubblt brush, 30 
Rabbits, 74 

n#ci«p areas, 355 , orb, mil, n«4 
RadlA'o, see Instruments 
Radiation, aco Radioactivity 
Radiation sickness, 354, 469 

HRdloftoiivlty 

accumulated, 831, S51, 648 
amounts of elements, ID, 40, 78, 

114, 164, 304-300, 341,-365, 
303.401-465 
atoms, 3, 0 
back yard, 586 
OOllQid, 393, 400 

contributions, 195, 998, 351-G67, , 

' 485-494, 534, 556-559, 671, 587 

dsdoRtsthinatlon offsets, 354-366, 
376-399 

deposition, 80, 118, 156, 918-935, 

. 864, 394-840, 384 
detector, see Inatrumants 
. disintegration multipliers, 168 
exposure, sosHRsard. 
fraction remaining, 393, i&o, 471, 
490 

fractional distribution, 908,948, 

8oi-an 

gamma rsy, 8.-18; 94,18-78, 189 
808-859, 489, 547-849 
induced, 8, 89, 198, 891, 508, 891 
lonio elements, S, 48, 79, 97,305. 

398,095,400,471,485,494 
Insoluble elements, 495, 460 
intensity, 10, 95, 109-807, 889-841, 
341-340, 534-544, 581-598 
long-lived elements, 371 
neutron capture, 3, B, 15, 56 
neutron emission, 6, 50,114,189 
nuolldes, 10-35, 50, 68-03, 106-110, 
337 

point source, 050 


Radioactivity {Conti,) 

radiation, 18, 45, 78, 114, 131-138, 
164-907, 996-941, 304-337, 854, 
495, 435, 404, 503, 534, 555, 571, 
■ 537 

refractory elements, 8, 14, 48, 88, 
74, 111, 112, 154 
residual radiation, 471, 489-400 
scavenging elements, 958 
sources, 5, 10, 00, 201-943, 301- 
332, 503-313, 640, 688 , 681 
source geometry, ess Cloud, 
fireball 

specific, 367,464, 471 
vaporisation, 8-48, 76-96, 114-135, 
160, 251, 306, 303 
Radio# l#m#nt«, see Radioactivity 
Radiography, 98, 31, 49, 68, 71 
Radio logics 1 aountarmeaaui'SB, see 
Planning factors jjiV? 
Radionuclides, tee Radioactivity 
Radiotantalum particles, 48 f 
Radishes, contaminated, 73 
"Rad-safe" oonospt, 460 
Rain, afreets, 70-84, 880-389 
Ralpey, C,T., 72, 74 f 
RANK? distribution, 964 
Raoult's law, 164,166,188 
Repp, R.R,, 901, 908, 903,990 
Rata count, decay, 367 
Rate, drying, 389 
lists, contaminated, 74 
Reactions, see Chemical systems, 
fallout 

Reagent film, 78 
Recovery period, 351, 379, D4S 
actions, 367, 599 
flee Countermeasures 
crew, sec Methods 
feasibility, see Planning factors 
of industries, 868 
Radep area, 365 
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Hnoovnry period, (Coni,) 
nurvlval iind, ;mn 
Uiiiih*, :i(>7 
Hod nniid, 1108-11(1.1) ;i 
Hwlwlng, (>|>(it‘nU<m, 41 ; i 
Hohnhl 1 Untlon (senior*, UflH 
Woltomoler, n,l<\, 8(1 | 

lUtfrnotory islumonlH, 8,1'4, 48, 811, 
74, 111, 118,154 
Holftltvu oflWllvonniii, 870, 407 
Rombvnl oifooUvoivPim, 10, 1178-584, 
4811, 807, 508 

Homo vii l,'rollout, moo MoIIhvIm 
Homovu.1, impUcIc, hop Dciuuniiini- 
iimtlon 1 

Hopulr opornllohM, 007 
Unqidrnmnniu, lots Planning fnctoPM 

naiauaaporiUlom, 808 , 300 
HoBldorttliil nron dcoontnminntlon, 
584-500 

HoMidiittl mitMii, moo Pullout 
Houldtial dumber, RN 
oomliiniuion, nt4 
oomponOnt*, major, 514-521 7 
rtwixlrouiii, 880 , mill 
minimum 1 , 5(10 
rilllo, 410-487 
’fequlrninenM, oau 
HuMidtml rntljiuion, moo RndloutiUvIty 
. tUAourooH, nnnhurrmn, 85(1 / 
RoMponNo levoiN, 1151 
htimnna, 055 
Inanimate obJisolM, 05!1 
limtnimonUi. 15(1 ' ! 

Ili'Mlrlution, doMo, moo PliviiiditK 
rniaom „ ■ 

llnxi’oiid, H,, 4fln 
IUd>.t), InlcMiMlly, 8!10, 2411 
Hotonlloiv, pnrtlolo, moo HurCntitiM 
UN, roNidtuil numlsor, mom Planning 

hlfiOI'H 

Him' rule, t'lmtd, 2111, 1112 


MmlontN, moo illnloglonl Myolom, 74 
>UMJnLga!i(s)iNnn jlniifi, liinlKiiUon 
dnl'lnltlon, n 
o/ltr, 822 
Kongo lap Atoll, 2 
R«»m«ey, l«,M,, 72, 711, 78, 81, 84 
Utwenlilpm, I.,, 208 
Udpt delmntn ml nation, 80,4110-401 1 
Hors ii 1 si* HurlnoOH, MothndB 
KougimoM*, mii'fiioo, 480, 804 
Uunol’l , llrdho*lng, 450, 401 
Rurnl nronclooqntnmidiitlon, 808 

~g-~ 

"8" Hhot, 150 

Unfoly proooduroM, moo Couotor- 
mouiuroM? Plonolng iiuilorM - 
HHgnhruilt, 8(1. 87 
Suit oryHliilM, 1107 
Hum. n,, 50, 108, 400, 414 
Hnn Prainilaeo liny mud*, 420 
BnmllMgM, 878 
HmulUlaMtlng, 8H2 

Hortor,80, 4f0, 471), 485, 480, 

\ 404, 500, 8U , 8(11, 571), 88(1, 507 
Maturation lovol, nuo Pnrtlolrm 
Monddon, an 

Mottling Myntnm, model, 125-140, 202- 
2(18, 2118-1101, 815-llllm, 8111-514. 

m ■ 

doltodullrtg, soo Planning iHctori 
Suhull, W,H., 151, lllll, 1188 
rtoliorr, M,0,, 2R 
lMuii»rt, PI.A,, 201, 207, 2111 
HnlntlllntNn nnunior, ntut Inuti urnnntM 
Hornpor niothod, mntorUod, 478-80I) 
prlmo mover, 504 
aplllngn, islado, 174, 485', 504 . 

tractor, 480, 800 
Hcnilsliing mnlkodj I1H2 
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Him wutor fallout, a!i:i l , ;«ii'!Hi 7 . 

40!lHI (I 

ohornulorlulliiMi HUM 
c-iiovoi unit, 4on, 'inn 
tiompunonta, 
uoneonirntion, non 
contamination, 405 
(Inoontnminetlon, 410, 4011 
rnalduo, 7a, 037 
HfilU, 78, 1137, H9II 
aurjiioo doniiiiy, 4oa 
surface Intcriictlima, 1107, 4011 HOI 1 ! 
Horlnl uan, aeo Method (a) 

H.irvlun cinninra, mirvlvnr, 001 -flflM 
Hat,"Up time, equipment, 008, 07S, 085: 
Hawab, partiolcv tlralnngo, 481! 
HliftUpw water (Intonation, 4J7 
Hhaatii, Shot, 88, M 
Shear offeota, eon Wind 
Shelter 

adequate, 11(17 
llllit, H08, 048-040 
burled, HOB 
aharnotoHatioi, 048 
communication, 000 
dcrnlgn, HOB, 046 

urrootivctnoM, o, si, itoa, mou-hoh, 

07a, nao, oau 

exit time, oaa 
’'fallout", nos, 04S 
flrnproof, 070 
ItftbUiirtlrty, flflO, 040 
Inadequate, .1(17,: 048 : 

requirement*; 1100, 041) 
inn ItPHiriiml number 
• .. ana ling, 048 .. 
aee Shielding i 
»tH,y timnB, oaa' 
vcnllli.lI mii, 0411 
Hh In Id I lift, 

iuu'ihiiuioh, hi, non, uciij, 070 , noa 

counter measure, aeo Nhelier 


.Shielding ((’mil ) 

I'll'nntlvnnnHH., 030 
requlrementa, 1104 
terrain, 10(1, 100, 331, M3H, 008 . 
MhliWf in runt, a, oo, (ini , ,'ii>7 
Shook phciimpuma, 

olTeuta, 14, 114, 134, IMII, HOI, ,'IOH 
wave nnorgy, 1,10, 134, ,‘140 
wave*, 114-110 

Shovnla, hup Nqillpmont, oountoi 
rmiuaiiro 
liiml(H), teat 

Apple, 78, 84, 111, 11411 
Baker, 40, 030, 400 
rtrnvn, 1, 00, 3MO, 307 
Dlnhlo, 80, »40 
Mdl, 78, 040 
Mlko, ill 

Prlaollla.IJI, 1140 
,Tangle "8", 100, 288, M18 
Hmoky, 70, 84, 040 
Toiln, ill, 1140 
Trinity, 1,78 
Mangle UU", 100,1134 
Hhruba, in dneonln ruination, 001 ) 
Wokneaa, radiation! H04, 4fl» 
HldofiiJka, in dwioniam(nation, iior ■ 
Hiiffiiooa 

lillloatna, aoo Piirtloloa 
Hlmulatod fallout, 471,480, 007 
Mingle particle nnalya|a, 70 . ,... 

rtlnko, G.C., lao, ion, mo, ion 
MIntowl anil gralna, ape Particle* 
Simple washing mnthod, 400 
Mklp/londor, 480, ooo 
slujrry ."r 

bulk solution, ills 
, inlemellon*, 417, 430, 400 
Ionic apncifpa In, 410 
liquid phtlH'O, 13s 
mining coefficient. 14? 
mixtures. 4U7, MW 
mild, 433 
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Hlurry (Cont.) 

plmee gonoentratlons, 4811 
■olid phase, 480-48(1, 460 
•urfaoe SritemcUonn, 660 
volume-to-area ratld, 488 
Smearing uoiilflolunl, -i'iii, 406 
Smoky, Shot, 70, 84, 91 
Soaps, 888 

Sod, lawn-cutting, 600 
8611 ( 3 ) 

oharactorliUci, 480, 504-608 
oUy, 888, 486, 804 
clean, 489, 600 
cohesion, 474, 807 
concentrations on, I4fl,148 
contaminated, 804; 
coral, ini Burfeoea 
■«• Crater 

decontamination, see Mothotla 
deaert, 415 
-detonation, 303-388 
dry , 804 
cacavated, 804 
gras* ooverod, 804 
. Ideal, 186-138, 188, 474, 806 
l« fallout, ■■« Partioles 
-layer, 604 
liquid-, 147-181 ■ 

loam, 416 
loose, 506 
• mfntUM, 4R8, 888 
moist, 804 

properties, 808, 47B, 60<> 
removal of, 474, 604-807, 686 
-scraping, 586 
ahftar.atrwigtli, 504 
ahrube on, 500 
■od, 608 

epllled, 474 . 

subsoil drainage, 481) 

-aurfsce layer, 478, 604 
taggod, 485, 406, 607 


Solid!) (Cent,) 
tilled, 804 
-type, 504 
uniform, 474 
wot, 604 

Solid pi»rtiol«s In slurry, 430 
Solid-to-liquid mass ratio, 488 
Solution, decontaminating, 167, 401 
Soulen, J,R,, 159, 163 
Bouroe(s), fallout, ■■« Cloud, Radio¬ 
activity 

Special clothing, crows, 466 
Speed(a), equipment, 480, 600, 806, 

676 

Spillage, fallout, 474, 486, 804 
Spray, water, method 
angle, 478,.480 
chamber, 418, 496 
high preieure, 478, 490 
no* ale, 476 

operating parameters, 476, 490- 
486 

pattern, 400 

Spreading coefficient, particle 
removal, 478, 484 

Staging areae, survivor reaoue, 381 
Steinberg, H.P., 17 
Item, ■«» Cloud 
Stetson, R.L.,78 
Stewart, K„ SO, 09, IDS 
flthftpltanendtt, P„ 100, 163 
Stirrer method, 418 
Stokes' law, 880 

Stoneman, Camp, 470, 486, 486, 406, 
504, 511 

Stream, water, method, 475, 476, 488* 

480, 406 

Street sweeper, motorised, 481, 600, 
808.874 

Stripping fllme, 71 

Strops, W.E., 187, 470, 484, 485, 401, 
511,540,551 
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Htructuro(«) 

destruction of, 3111 
particle-, SB, 48, ?i| mqo Particles 
shielding effectiveness of, 82 (i 
surfaces of, 401 s bob Surfaces 
toil device, 30, 48 

unusmiigau, Sol 

Stull, iIr,, 120, 136, 160, 103 
Sublimation preasure, seo Cloud, 
fireball 

Subsoil drainage, 480 
Supplies, oouiitermamiurm, 301, 30B, 
300 j 

Surfeoe contributions, see Radio- 
activity 
Surface (a) 

AmbroBB clay, 480, 804 
aaphaltlo concrete, 414, 466 
broomed, 489 
building, 466, 400 
-buret, 116, iaa, ibs,, ano, 670, 

warder-, 09, 109 
ohfitrtloBl interaotlona, 375 
day 496, 804 
concrete, 481-494 

-condition, 489 

oontMminated, 65, 398, 418, 470 
ooral-, 91-98, 166, 824 
decontaminated, 418 
-denatty, 884, 471 
daaart, see Boil(a) 
deterioration ,.476 
drainagB, 478 
earth-, 348, 309 . 

aapeaed, 880 

fractional coverage of, 864-885 
gftlvawUed iron, 414 
highway, 4(19 
horizontal, 400, 494 
|r ; :.(K»?ViOU"l., 418 
land type. HO, 485. 604, 685 


Burfuoda) (Cent.) 
lodge, 494 

-liquid interface, 396 
niHCBdam, 481 
'Pt-iea density, HH4 
«•: . l-oporoalty of, 407 
<mw difficult, bha 
Mentation of, 881 
outdoor, 401 
palntsd, 491 
paved, 486, 670 
Portland cement, 486, 494 
roaotlona with, 978 
removal of, 488, 586 
road , 481 j; ' 

roof-, washdown,! 490 
roofing, 490 
roughnass of, 416, 480 
saturation lavel of, 881, 888, 473 
aldawalka, 418, 570 
smoothness of, 489 
-tension, 112 S. 

-types, 407 . { ■ 

unpsved, 887 
vertical, 491 
watar angle on, 488 
window frame, 494 

Surface-method combination, 47B, 489, 
889 

Surface-removal mathoda, 488 

Surpriae attach, Sell 

Survival 

Initial, 888, 871 

demsnte. S64 

Oray Bolt, 340 

problems, 309-365, 388-371 

population, 3fill 

rate, 389-863 

rnBaurcBB, 647 

Sweeping method, 
hand, 481 

motorised, 382, 472, 484 
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SynthuUo Inllout, 4(1,0, 471 '485, 5(17 
Kfystom promotion fmotnr, 370 

--T-- 

Taggod noil, 485, 4B0, 007 
Tantalum patyialqa, 481 
Tar and grave'r«af, 4B0, 401 
Target 

analysis, 547, 588, 507 
complex, 381, 547, 381) 
diatrlbutlon, 350 } 

materials, 458 
prime/-, 352 '• : 

-whip, 3D7 

apatiM, 305 • • v\ " 

-unit, 847, 868, .m- |j 

earn, hose, 400 | 

earn., no sale, 409, 400 j 

Technique!, removal .1 

,y manual, 434 fi , 

I; motor lead, 47SN508 ' fv 

temperature^, aoa lonUatlon,fj 
; Fallout ; $ 

Ttsnnant vacuum aweeper, 500, Mill 
Terrain Shielding, 166, 105, 331., 338 
Tail*, ilhot, 91 j; 

Teat serial, nee Field teats, Oixr- 
atlon(a), Shot(a) ; ! jf 

Thermodynamic equilibrium, Sp 
Thermodynamic model, 97, lm J10, 
184,157,310 |! 

Thermonuclear reactions, 85-^7 
Thin section nn&lyaU,71 i 1 

Thornthwftltt*., C.W., 80 
Thyroid, m 
T illed acli, 504 
T|qie 

Urrlvol, fallout, 74, 81, 183, 214. 

311, 380, 370, 513 
breakaway, 117 

oosnnUon, fallout, 218, 222, 513 


Time. (Cent ) 

condensation, 07 , urn, son 
contact, 407 
critical, 514, 547-540 
ontry, 522, 537, 535, 553 
eiooonlnminnlion start, 535, 553 
fall, particle, 220, 230, 337, 513 
Ionisation, 0, 13, 49, 82, 513 
mnnauromont, 78, 81 
operating, 508 
reference,, 118 
relative, 379 
f rl*o, 232 
Mnjils, 384 

sot-up, 3D8, 378, 588' 
i! ehcltor exit, 522 

shelter stay, 383, 385, 522. 548 
thermal balance, 118 
working, 385, 80S 
Tleiiue, f, 75 , 

Tower-niounted rtovlcne, 38-49, 72- 
84, 61 *113, 101-158, 897, 024 
Trttoor, fission produot, 58, 414 
Torpid circulation In oloud, 215, 230, 
3ia ;/ 

Tractor, ! :i " 

eorajwr, 48P 
wheel, 600 
Tratnlnk, 

manpower, 305 
firogjram, 588 

Trojoctibry, pirttcloTfeH, 201, 241, 
|£S8, 401 

Tranaattaok period, 380, 384, 808 
Transport, aoe Partioloa 
Tr (polyphosphate, 407 , 412 
Trinity Shot, 1, 79 1 
Turbulence, 113 
Truck, 

pny-io|tier, 508 
ptck-u||>, 508 
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Unpnvod area recovery, 587 
"U" Shot, 150, 324 
Underground, 

dotonatlon, 77, 155, 483 
sholtor, 301 

Untt-nvorago analysis, 340 
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